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INTRODUCTION 

A LTHOUGtH iiiueli lias been written concerning the psychiatric and clinical 
. aspects of nenrocircnlatory asthenia, there is only a meager number of con- 
tributions which refer to the electrocardiographic features of this disorder. Of 
these reports, most are concerned with distortions of the T wave in Leads II 
and HP’’* but, with a single exception,'^ the emphasis has been placed upon the 
appearance of such changes only when the electrocardiogram is obtained with 
the subject sitting^’ ^ or standing.^ For this reason, these bizarre ventricular 
deflections have been ascribed either to a presumed electrical reorientation of 
the heart resulting from changing contacts between the heart and surrounding 
Intrathoracic tissues^’ - or, in spite of a lack of any correlated measurements 
to support the contention, to a diminution in coronary flow.^ In any event, in 
both of these views the basic importance of a concomitant asthenic habitus has 
been stressed ; in the one case because it will allow a greater freedom of cardiac 
mobility,^’ - and in the other because a congenitally small heart, which sup- 
posedly cannot maintain an effective coronary circulation during the readjust- 
ments to postural change, is always assumed to be associated with such a body 
build.^ However, since neither of these interpretations could be reconciled 
Avith the occurrence of similar alterations in the electrocardiograms of persons 
with functional derangements of the cardiovascular system when the record is 
made with the subject recumbent,'*’ ® the authors undertook to explore other 
possible mechanisms which could account for these T-wave changes. The ob- 
servations of Ewert® and others,^’ ® which indicated that augmented adrenergic 
activity can be responsible for orthostatic T-wave modifications in Leads II 
and HI in persons subject to syncope, suggested that a disturbance of normal 
vagosympathetic relationships might equally well be applied to explain, in 
cases of functional heart disease, comparable changes in records made with 
the subject standing, sitting, or recumbent. This consideration prompted a 
series of experiments by us in a group of patients Avith neurocireulatory 
asthenia. This report presents the results of such studies. 

MATERIAL, AND METHOD 

Among a group of men originally referred to the hospital for a cardio- 
vascular survey because of physical signs and/or symptoms suggestive of 
structural cardiac disease, 25 patients ivere selected for more detailed study 
because their electrocardiograms revealed T-Avave changes in Leads II and III 
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in the upright position alone or in both the recumbent and upright positions, 
in spite of the fact that no substantiating evidence of organic heart disease 
could be established during a suitable period of observation. Such a method 
of selection therefore excluded from the study those who exhibited any of the 
following stigmas: persistent elevation of the arterial blood pressure; per- 
sistent tachycardia ; any type of cardiac arrhythmia other than a sinus ar- 
rhythmia ; systolic cardiac murmurs which were not significantly modified by 
heart rate, postural change, and the re.spiratory phases ; orthostatic hypoten- 
sion ; elevated erythrocyte sedimentation rate ; an elevated basal metabolic 
rate ; cardiac and/or aortic enlargement as estimated in the teleroentgenogram 
by generally accepted methods of cardiac mensuration. 


The subjects ranged in age from 18 to 35 years. No one body type was 
consistently encountered ; the a.sthenie, the hypersthenic, and the intermediate 
body builds occurred with about ecpial frequency. The presenting symptoms, 
not all of wiiieh appeared in every case, included nervousness, weakness, exces- 
sive perspiration, palpitation, dull or sharp left inframammary pain unrelated 
to exertion and usually associated with hyperesthesia over the precordium; 
aches in various joints without redness, swelling, or limitation of motion of 
these structures; dizziness; shortness of breath of the nonhyperventilation 
type and usually described as “a feeling as though not enough air can get into 
the lungs.’' 

The cardiovascular apparatus was repeatedly scrutinized by the usual 
methods of physical examination. In addition, teleroentgenograms of the chest 
and erythrocyte sedimentation rate determinations were routinely obtained. 
In many instances the basal metabolic rate also was measured. 

The electrocardiogi-aphie studies were performed in the following man- 
ner : on the day of admission a recoi-d, both in the recumbent and in the up- 
right position, was obtained,* after the technician ascertained that the patient 
had not been smoking for at least thirty minutes prior to the time of the test. 
The leads employed were the three standard limb leads and preeordial leads 
CF4 and CR< taken according to the technique recommended by the American 
Heart Association. The chest position Avas carefully marked in order to ex- 
clude the possibility of malposition of the exploring electrode, a factor which 
might contribute to distortion of the T Avave in the preeordial lead. • 

On the folloAving day, a set of tracings A\ms again obtained and immedi- 
ately inspected by one of us. If T-Avave distortions AA^ere noted in Leads H and 
III in these records, electrocardiograms Avere made thirty and sixty minutes 
folloAving the intraAmnous admini.stration of 0.5 mg. of ergotamine tartrate 
(Gynergen)t; the technician made certain that the subject had abstained from 
smoking prior to and during the experiment. 


♦Previous experiments had indicated that the orthostatic effects upon 
cardiogram which follow an active change of position were no different from ^those 'W’mcn loi- 
lowed tilting of the subject to an 80-degree angle with the horizontal, Provided the patient am 
not sway excessively after a^uming tlie upright position, and provided a short waiting 
of two minutes was employed to allow for vascular readjustments. For this reason, ooin 
methods were interchangeably used. 

tPrevious clinical trials had indicated that the maximal sympatheticolytic effects or 
prffntamine tartrate, when the drug is administered intravenously in a dosage or u.o mff-. 
appear between thirty and sixty minutes after the injection and will last ninety minutes after 

the injection. 
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Of those patients whose records showed orthostatic T-wave distortions in 
Leads TI and III, several were selected for an experiment in which the electro- 
cardiographic changes which followed the Flack test could he observed. In 
the performance of this type of experiment, a continuous record of Lead II 
was obtained with the subject recumbent just prior to and during a period of 
forced expiration. The expiratory blast was maintained to the point of ob- 
literation of the radial xnilse and was of sufficient force to raise and maintain 
a column of mercury in the sphygmomanometer to a leAml of 40 millimeters. 

In certain other instances in which orthostatic T-wave abnormalities had 
developed in Leads II and III, comparable reeoi-ds were obtained in the up- 
7’ight position before and after compression of both legs at the mid-thigh level. 
The compression was accomplished by snugly fitted pneumatic cuffs inflated 
to a pressure of 300 mm. of mercury and maintained at this level throughout 
the experiment. The pressure was applied while the patient Avas supine and 
after the legs had been elevated for a sufficient length of time to permit the 
blood in the superficial veins to di'ain off as much as possible. Localized bulg- 
ing of the inflated cuff was prevented by the application of an elastic liandage 
around the cuff before it was inflated. "When significant modifications of the 
ortho.static distortions resulted from this procedure, the experiment Avas re- 
peated Avith compression of equivalent degree being applied just above each 
ankle. 

Finally, in certain selected cases, the effects of amyl nitrite and atropine 
sulfate AA’ere tested separately. The electrocardiograms Avere made AAuth the 
patient in the recumbent position, and the patient had abstained from tobacco 
prior to and during the testing period. A control curve haA'ing been obtained, 
the amyl nitrite Avas administered by inhalation from a freshly broken pearl 
containing 5 minims of the di’ug. after AA'hieh the electrocardiographic effects 
Avere recorded in either a single lead or in multiple limb leads during the rela- 
tiAmly brief period Avhen flushing of the skin and tachycardia Avere maximal.* 

The atropine sulfate AAms administered subcutaneously. Records were ob- 
tained forty to sixty minutes afterAvard. The dose employed Avas usually 2.5 
mg.t dissolA’^ed in 2 c.c. of sterile Avater. 


ANALYSIS OF DATA 

In each of the 25 cases A\diich form the basis for the present .study, ortho- 
static distortions of the T AAmA’-e accompanied by A'arying increments in the 
heart rate, ap])eared in Leads II and III. In each instance, the orthostatic 
T-Avave abnormalitj'' Avas completely, or almost completely, abolished by the 
administration of a .sympatheticolytic drug (ergotamine tartrate), and in five 
instances it Avas considerably modified by compression of the thighs. In 15 of 
these patients, changes analogous to those Avhich resulted from the assumption 


♦The vaporized contents of a pearl of am>’l nitrite containing- 5 minims of the drug will 
reflexly excite sympathetic activity to a profound degree. These sympatheticomimetic effects 
are maximal within thirty to sixty seconds after the inhalation of that amount of the drug, 
and completely disappear in two to three minutes. 

tPrevious trials had indicated that in order to ensure the vagoparetic action from 
atropine sulfate, the drug must be administered in this large dosage. AA'^hen given hypo- 
dermically, the maximal effect will appear between forty and sixty minutes after its injection. 
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of the upright position n’ere provoked by a sympatheticomimetic drug (amyl 
nitrite) in the electrocardiogram made with the subject recumbent. In 10 in- 
stances, the T wave in Leads II and III of the electrocardiogram made in re- 
cumbency underwent varying degrees of modification following the adminis- 
tration of a vagoparetic drug (atropine sulfate). A similar eifect followed the 
Flack maneuver in six instances. The data from five representative cases 
which have been selected for more detailed analysis wll he separately reviewed. 


RECUMBENT ’ RECUMBENT • STANDING STANDING 



Fig-. 1 . Case 1. The electrocardiogram is discussed in the text. 


Case 1.— 1. Although the orthostatic T-wave distortions in Leads II and in were asso- 
ciated with some cardiac acceleration, an associated orthostatic tachycardia, in e s nc 
est sense, had not developed. The heart rate -with the patient in the recumben p 
averaged 70 per minute and, in the upright position, 95 per minute (Fig. ). 

2. Although the heart rate with the patient in the recumbent position became more 
rapid after the administration of a vagoparetic drug than it had ® j 

of the upright position alone, significant T-wave distortions in Leads an 
only during the period of standing. On the other hand, the T-wave distortions in the p ' 
cordial leads which developed in recumbency after atropine sulfate, and in e up g 
position before the drug was given, were comparable (Fig. 1). 

- 3. A sympatheticolytic drug (ergotamine tartrate) prevented orthostatic cardiac 
acceleration and also orthostatic T-wave distortions (Fig. 1). 

Comment . — The orthostatic T-wave distortions in Leads 11 and III might conceivably 
be 'related to a shortening of the diastolic period which inevitably supervenes with an 
acceleration of the heart. Conversely, then, the prevention by means of ergotamine ar- 
trate of these orthostatic effects upon the ventricular deflection might be presumed to 
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due merely to a lengthening of the diastolic period which ensues with a reduction of the 
heart rate. This view cannot he arhitrarily denied, hut it hardly seems applicable in this 
instance, since the configuration of the T wave in Leads U and III is not significantly 
modified hy atropine sulfate, even though the cardiac acceleration which followed the ad- 
ministration of this vagoparetic drug exceeded that which resulted from the assumption of 
the upright position. An alternative concept, which immediately suggests itself as an 
explanation of this difference, is the possibility that an augmentation of si'mpathetic 
activity, physiologically provoked either hy the assumption of the upright position or the 
administration of a vagoparetic drug, can accelerate the sinus rate (chronotropic effect) 
and independently modify the events associated with electrical systole (dromotropic effect). 
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yig, 2. Case 3. The electrocardiogram is discussed in the text. 

Follouung the administration of a spnpatheticolytic drug, such a distinction can appar- 
ently be made in some instances, the form of the T wave becoming modified without any 
significant change in the heart rate (Fig. 2). Therefore, the normalization of the ventricm 
lar deflection by ergotamine tartrate, ivhen the electrocardiogram was ™ 
subiect standing, might be ascribed not only to the decrement in the standing heart rate, 
but also to an inhibition by this drug of a dromotropic sympatheticomimetic effect reflexly 
provoked by the upright position. In addition, this response of the T waves to the ad. 
Lnistration of crgotamme tartrato would seem to e.aclude a change m 
as being responsible for the original orthostatic aberrations of the ventricular deflections. 

Case 2.— 1. The maneuver of tilting the body upright to approximately 80 degrees did 
not result in a distortion of the T wave in Leads II and ni unless a significant cardiac 

acceleration also developed (Fig. 3). 

2. A sympatheticolytic drug (ergotamine tartrate) prevented any significant ortho- 
static cardiac acceleration and also any orthostatic T-wave distortions (Fig. 3). 

3. In the electrocardiogram made with the subject recumbent, T-wave changes in 
Leads U and III were provoked hy the administration of amyl nitrite or atropine sulfate. 
These changes were of the same nature, if not necessarily of the same degree, as those 
which followed the assumption of the vertical stance (Fig. 3). 

Comment . — The facts that orthostatic distortions of the T waves in Leads II and III 
occur only in association with cardiac acceleration and that such distortions can be prevented 
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by the use of a sympatheticolytic drug which also reduces the heart rate suggest that the 
abnormal form of the t wave is related either to the shortened diastolic period which 
results from the cardiac acceleration or to a mechanism which can provoke a sinus tachv- 
cardia as well as independently modify the events associated with electrical svstole. The 
inteipretation tliat the bizarre T wave is related to the increased heart rate per se would 
seem to be supported by the fact that, following, the administration of amvl nitrite, changes 
Identical with the orthostatic distortions occur in records made with the subject recumbent 
provided tlial a comparable acceleration of the rate is provoked by this' drug. On the’ 
other hand, the fact that the administration of atropine sulfate and of amyl nitrite produce 
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Fig. 3. Case 2. The electrocarcljograni is discussed in the text. 

unequal degrees of T-wave modification, even though the tachycardia produced by these 
diugs is identical, would suggest that the tachycardia and the orthostatic T-wave changes 
represent separate chronotropic and dromotropie actions, respectively, of a .syinpathetico- 
mimetic efiPeet. the differing dromotropie influences of atropine sulfate and amyl nitrite, 
in turn, can be predicated upon tlie fact that the latter drug is the more profound ad- 
renergic stimulant in man.o The orthostatic distortions of the T wave which develop in 
Leads II and III u hen there is an associated orthostatic tachycardia presumably are also 
an electrocardiogiajihic expression of the dromotropie effect of heightened sympathetic 
activity, since the} do not appear when the heart is under the influence of a sympathetico- 
lytic drug such as eigotuinine tartrate. Also, this modifying influence of ergotamine tar- 
trate, as well as the lack of any significant T-wave chuDffe whan the vpriffht position is 
unassociated with aiij significant cardiac acceleration, are uiidoubtediv strong evidence 
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against the opinion that increased cardiac mobility is responsible for orthostatic distortions 
of the ventricular deflections. 

The likelihood that tlie original orthostatic distortions of the T wave are to be 
ascribed to impaired coronaiy flow would seem to be excluded by the normalizing effect 
of ergotamine tartrate since this drug is believed to produce also some constriction of the 
coronarj' arteries. Too, the marked distortion of the T wave in Leads II and III which 
followed the administration of a profound coronayy dilator such as amjT nitrite indicates 
that a reduction in coronar}- flow is not a valid concept in attempting to explain T-wave 
changes which maj' occur in cases of neiiroeirculatory asthenia. 





Pig. 4 . — Case 3. The electrocardiogrram is discussed in the text. 

Case 3. — ^1. During a febrile period, the electrocardiogram made with the subject re- 
cumbent revealed the presence of a sinus tachycardia with a heart rate of 130 per minute and 
concomitant inversion of the T wave in Leads II and III (Fig. 4). 

2. During an afebrile period, tlie electrocardiogram made with tlie suljject recumbent 
revealed the presence of a sinus rate of 60 per minute and T waves in Leads II and III of 
normal amplitude and configuration (Fig. 4). 

3. Distortions of the T Avave in Leads II and 111 occurred Avhen the electrocardiogram 
Avas made Avith the subject recumbent, immediately follGAAlng the inhalation of amyl nitrite. 
These changes in the ventricular deflection were associated Avith an increase in the sinus rate 
to 125 per minute (Fig. 4). 

4. Distortions of the T AvaA'e in Leads II and III followed the assumption of the upright 
position alone. These changes in the ventricular deflection were associated with an equally 
significant increment in the heart rate and AA-ere abolished either by constriction of the thighs 
or by the administration of ergotamine tartrate, both of Avhieh procedures resulted in a re- 
duction in the orthostatic heart rate to approximately 100 beats per minute (Fig. 4). 

Comment . — In records made Avith the subject recumbent, T wave distortions in Leads 
II and III occurred spontaneously during a febrile period or Avere proA-oked, when no fever 
was present, by the inhalation of amyl nitrite. Since these changes are analogous to those 
AA'hich folloAved the assumption of the upright position, the possibility is suggested that a 
similar mechanism is operatiA’e ’in these modifications of tlie ventricular deflections. Inas- 
much as cardiac acceleration is a concomitant occurrence in all these circumstances, it might 
be presumed that the tachycardia alone, Avith its re.sultant shortening of the diastolic period, 
might be the factor responsible for the altered shape of the T Avave. 






718 


AIiIlSRICAN HKART JOURNAL 


On the other hand, it seems to be eqiiallj’- plausible to relate both the tachycardia and 
the bizarre T Tvaves to the separate chronotropic and dromotropic effects, respectively, of 
heightened sympathetic activity provoked either by the fever, the amyl nitrite, or the 
vertical stance. In this particular ease, such an interpretation is especially applicable, 
since on another occasion, in a record made with the subject recumbent, the administration 
of a sympatheticolytic drug was followed by a significant modification in the T waves with- 
out any alteration of the heart rate (Fig. 2). It is also noteworthy that either ergotamine 
tartrate or constriction of the thighs considerablj' modified the orthostatic distortion of 
the T waves in Leads II and IH. Although this effect was presumably achieved by these 
procedures because of their inhibitory influences upon reflex sjmipathetic excitation, the 
mode of action is undoubtedly dissimilar. In the former instance a pharmacologic barrier 
between sj^mpathetic fibers and end organs in the heart was created, whereas the other 
maneuver acted to improve venous leturn, thereby diminishing the intensity of reflex 
adrenergic activity. 


RECUMBENT ’ STANDING RECUMBENT STANDING 

CONTROL CONTROL ATROPINE THIGHS CONSTRICTED 



Pig. 5 . Case 4. The electrocardiogram is discussed in the text. 


In this case, too, cardiac mobility must be dismissed as a cause for the original ortho- 
static aberrations of the ventricular deflection. Otherwise, the correction of the orthostatic 
distortions of the T wave by ergotamine tartrate or compression of the thighs would be 
' difficult to explain. 

Case 4. — ^1. Moderately pronounced orthostatic distortions of the T waves in limb leads 
II and in and in precordial leads CF< and CE, developed, in association with some cardiac 
acceleration, although a true orthostatic tachycardia did not occur. The heart rate in 
recumbency was approximately 60 beats per minute and in the upright position approxi- 
mately 95 beats per minute (Fig. 5). 

2. In the electrocardiogram made with the subject recumbent, after the administra- 
tion of a vagoparetic drug such as atropine sulfate, the T wave in all leads became con- 
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siderably more bizarre, but these changes in the ventricular deflection were associated 
with a more significant cardiac acceleration (Pig. o). 

3. In the electrocardiogram made with the subject in the upright position after com- 
pression of the thighs, the T waves in Leads CP, and CE, (which were the only leads 
available for inspection) reverted to a positive deflection. This change in the T wave was 
associated with a decrement in the heart rate of only 12 beats per minute (Pig. 5). 

CommeiU . — Although ortliostatic T-wave distortions in the limb leads developed in 
association vuth a moderate degree of cardiac acceleration, even more profound changes 
in the ventricular deflection were seen when the electrocardiogram was made with the 
subject recumbent, after the administration of atropine sulfate. Obviously, the disparity 
is not to be related to diflerences in cardiac rotation, since the ventricular deflections in 
the precordial leads in the orthostatic electrocardiogram were normalized merely by a 
maneuver (compression of the thighs), which could not possibly influence the position of 
the heart within the chest. It must therefore be concluded that the configuration of the 
T wave is related to the heart rate in one of two waj's: first, that the more rapid the rate, 
the shorter the diastolic period and hence the more abnormal the T wave, or, second, 
that tlie increase in rate and the T-wave changes are separate chronotropic and dromo- 
tropic effects, respectively, of heightened sjuirpathetic activity. The first interpretation , 
does not seem to be applicable, since, in this instance, the orthostatic T-wave distortions 
were associated with a heart rate of less than 100 per minute, which was hardly sufficiently 
liigh to shorten the diastolic period enough to distort tlie T waves. 

Case 5. — 1. On the day of admission, in the routine tracing obtained in the recximbent 
position, there was a sinus tachycardia with a heart rate of 140. The T waves were con- 
siderably distorted in Leads II and III (Pig. 6). 

2. On the following day, in the recumbent position, the tachycardia had disappeared 
and the T waves were normal (Pig. 0). 

3. Distortions of the T waves in Leads 11 and IH, identical with those which were 
evident in the recumbent electrocardiogram on the day of admission, were provoked by the 
upright position even though the degree of cardiac acceleration was much less pronounced 
(Pig. 6). 

4. The orthostatic distortions were prevented by a sympatheticolytic drug, such as 
ergotamine tartrate. This prevention of the orthostatic T-wave distortions was associated 
with some retardation of the orthostatic cardiac acceleration (Pig. 6). 

5. A vagoparetic drug such as atropine sulfate produced in the recumbent electro- 
cardiogram distortions of the T waves in Leads II and III which are comparable to those 
which resulted from the upright position (Pig. 7). 

6. The orthostatic T-wave distortions in Leads II and III were also abolished in large 
part by constriction of the thiglis. This eft'eet was also associated with a retardation of 
the orthostatic acceleration of the heart (Pig. 7). 

7. A .sympatheticomimetic drug, such as amyl nitrite, produced in recumbency, some 
cardiac acceleration and inverted the T waves in Lead H to the same extent as did a 
vagoparetic drug or the assumption of the upright position (Pig. 7). 

8. The Plack maneuver, in recumbency, was followed by an inversion of the T wave 
in Lead II, resembling the distortion of this deflection which is produced by a sympatheti- 
comimetic drug such as amyl nitrite, by a vagoparetic drug such as atropine sulfate, or 
by the assumption of the upright position (Pig. 7). 

Comment . — ^It is evident that in this case cardiac acceleration was constantly an asso- 
ciated feature in those electrocardiograms in Avhich abnormal T waves appeared in Leads 
II and III. Por this reason, the bizarre T waves would seem to be related to the tachy- 
cardia with its resultant shortening of the diastolic period. This view seems to be sup- 
ported by the fact that the orthostatic distortions of the T wave are abolished when the 
heart rate in the upright position is reduced by a sympatheticolytic drug or by compres- 
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Pig. 6. — Case 5. The electrocardiogram is discussed in the text. 
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sion of tlie thiglis. On the other liand, the Flack test, wliicli is known to reflexly excite 
adrenergic actixity by diminishing venous return, Q inverts the T wave witliout accelerating 
the rate (Fig. 7). This might imply that an augmented sinus rate and a concomitant 
T-wave distortion can be considered separate chronotropic and dromotropic elVecls, respec- 
tively, of heightened sjunpathetic activitj', and that the two need not necessarily always 
act in combination to the same degree. In extension of tliis concept, the salutary effect 
of a sympatheticolytic drug or of compression of the thighs on the ortlrostatic T-wave 
distortions would be interpreted to indicate that both of these procedures have inhibited, 
in a selective manner, both the chronotropic and dromotropic effects of heightened sympa- 
thetic activity provoked b}" tlie upright position. 

The remarks which have been incorporated in tlie discussion of the previous cases, 
concerning the possible relationship betAveen cardiac mobility or impaired coronary flow 
and the orthostatic T-wave distortions, apply also to this case. 


RECUMBENT 


STANDING 




Fig. 8. — For description, see text. 


DISCUSSION 

Altliongli Avc have presented evidence which seems to refute tlie interpreta- 
tion that a change in cardiac rotatioiF’ - or a diminution in coronary flow^ is 
chiefly responsible for the T-wave distortions which develop in Leads II and 
III when an electrocardiogram is made with the subject standing, it is not the 
intent of this report to discredit the practice of obtaining orthostatic records 
in cases of neurocircnlatory asthenia!. On the contrary, it is considered by ns 
to be a useful iirocedure in the study of patients with functional cardiovascular 
disturbances, since such provocative aberrations of the ventricular deflection 
apparently offer a simple objective method for the recognition of an under- 
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lying vegetative disorder. Support for this view is to be found in the obser- 
vations of one of us*^ that, in emotionally stable individuals, even though they 
are of asthenic habitus, the assumption of the upriglit position will not induce 
significant T-wave changes (Fig. 8). Supposedly, in the normal subject, the 
orthostatic augmentation of sympathetic activity which physiologically de- 
velops because of the vascular readjustments which accompany the vertical 
stance® is not in itself adequate to produce a registrable dromotropic effect 
upon the events associated with electrical systole, even though a chronotropic 
effect is evident in the moderate cardiac acceleration which occurs. Ortho- 
static T-wave distortions in patients with neuroeirculatory asthenia are there- 
fore presumed to represent additive sympatheticomimetic effects, i.e., reflex 
adrenergic activity superimposed on a state of autonomic imbalance with 
sympatheticotonie preponderance. The latter is believed to arise from the 
anxiety, with its attendant disruption of normal vagosympathetic relationships. 
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which is recognized to be a fundamental component in the syndrome of func- 
tional heart disease.^® It is also conceivable that, when the dysfunction of the 
vegetative nervous system is sufficiently profomid, the resulting sjmipathetic 
overactivitj'- may express itself in much the same manner as it has in the pre- 
cordial leads in emotionally unstable persons,^’- so that spontaneous T-wave 
aberrations will appear in Leads II and III even Avhen the electrocardiogram 
is made Avith the subject recumbent. Actually such changes have been noted, 
in not a few instances, in cases of neuroeirculatory asthenia"*’ ° and, as in the 
case of analogous T-wave alterations in the precordial leads, the mechanism 
responsible for them seems to be established from the normalization which 
follows the administration of a sympatheticolytic drug, such as ergotamine 
(Fig. 9). Therefore, it woi 2 ld appear that this simple testing method 
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call be utilized to distinguish neurogenic T-wave changes from those due to 
intrinsic heart disease, and thus provide a means for the proper appraisal of 
aberrations of the ventricular deflection which occur without any other evidence 
of structural cardiac disease. 


SUMMARY 

% 

1. It has been demonstrated, in a study of 25 patients with neurocircula- 
tory asthenia, that heightened sjunpathetic activity, rather than a change in 
cardiac rotation or a diminution in coronary flow, is chiefly responsible for 
abnormalities of the T wave which appear in Leads II and III in electrocardio- 
grams made with the subject recumbent or standing. 

2. Since a fundamental component of neurocirculatory asthenia is a dis- 
ruption of normal va go-sympathetic relationships, it is possible to reconcile 
with this disorder such '‘sympatheticogenic” aberrations of the ventricular 
deflections. 

3. The body build does not seem to be the factor responsible for T-wave 
changes in neurocirculatory asthenia, since such abnormalities have been ob- 
served in those of sthenic and asthenic habitus. 

4. The experience gained from the present study suggests that the reac- 
tion to ergotamine tartrate provides a simple means for differentiating “sym- 
patheticogenic” distortions of the T waves from those due to intrinsic car- 
diac disease. 
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A METHOD FOR THE ORTHODIAGRAPHIC MEASUREMENT 
OF THE TRANSVERSE DmiETER OF THE HEART 
BY MEANS OF THE SBIPLE FLUOROSCOPE 

Frederick H. Howard, ]M.D. 

New York, N. Y. 

T PIE transverse diameter of the heart, measured hy the orthodiagraphic 
method, is widely accepted as the most significant measurement upon which 
to base a judgment of tlie lieart size. This report describes a method by which 
a true orthodiagraphic measurement of the transverse diameter may be made 
by means of the ordinary fluoroscope without the standard orthodiagraphic 
equipment. The principle of the method is simple. If a vertical line, drawn 
at the center of the screen, is aligned first with one border of the heart shadow 
and then with the other border, by moving the screen laterally, then the dis- 
tance through which the screen is moved is equal to the transverse diameter. 
This is a necessary consequence of the fact that the screen and the tube are 
rigidly connected and move as a unit. The amount of this lateral movement 
might be measured by a tape reaching from the screen to a near-by wall or by 
a plumb-line reaching from the screen down to a scale on a table below the 
screen. Neither of these methods would be quite convenient in actual prac- 
tice, but the method now to be described accomplishes the same purpose ex- 
peditiously and accurately with the simplest accessories. The actual technique 
first will be described and then, by means of diagrams, the logic of the pro- 
cedure will be set forth. 

The accessories required are the following : 

1. A woocl tongue depressor on which are mounted, by means of adhesive 
plaster, two triangular pieces of lead placed with their vertical sides parallel 
and exactly 10 cm. apart, Avith the apices that are opposite the vertical edges 
pointing tOAvard each other (Fig. 1). The line, 10 cm. long. betAA'een the verti- 
cal edges AAull be called the “base line.” 

2. A thin, straight Avood stick, such as an ordinary A\mod applicator. 

3. A grease pencil. 

4. A centimeter scale. 

procedure 

The patient is placed in the usual position for fluoroscopy and the tongue 
depressor, AA'ith the lead triangles, is attached by adlieswe plaster to the an- 
terior chest Avail, horizontally and centrally, at about the leA’^el of the second 
costal cartilages. It is necessary that the lead triangles be equidistant from 
the screen; therefore, if the chest is irregularly shaped, it may be necessary 


R'-oeived for publication Aug. 22, 1945. 
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to bring forward one end of the tongue deiiressor by means of a wad of jiaper 
or cotton. The screen is set vertically close to the body of the patient but not 
in contact with it. The screen mn.st be free to moA^e laterally, but its distance 
from the patient must not vary during the observation. The stick is then at- 
tached A'ertically at the center of the screen by a bit of adhesive plaster. If 
the fiuoroscope is used frequently for heart studies it is convenient to liaAm a 
vertical black line painted on the screen, in place of the stick. 



/Ocm 

Fig. 1. — ^Wood tongue depressor witli lead triangles attached. The interval between the 
vertical edges of the triangles measures 10 cm. and is calied the “base line.” 






Fig. 2. — Diagrams illustrating the geometric principle on -which is based a new method 
of measuring the transverse diameter of the heart. The upper portion of each diagram 
represents the relation of the target, heart, base line, and screen, shown in horizontal plan ; 
the lower portion of the diagrams represent the face of the screen, seen in vertical eleva- 
tion. Letters have significance as follows: A and B, left- and right-hand lead triangles, 
lu cm. apart ; the interval, AB, is called the “base line." A' and B', mai'ks on screen indi- 
cating positions of shadows of lead triangles, a and b, end corrections to be added to or 
subtracted from length of base line. N, the line of intersection of the "normal plane” and 
the plane of the diagram. S, the stick attached at the center of the screen. Diagram A, The 
magnification ratio is given by A'B' divided by AB. Wlien this ratio is known any interval on 
the base line, AB, or on an extension, such as AC, may be calculated readily from the 
measured length of the similar interval, A'C', on the screen. Diagrams B, G, and D represent 
different positions and sizes of heart. In each diagram two successive positions of the screen 
and target are represented. The position to the right precedes that to the left. B' is marked 
when the screen is in the first position. After the screen is moved to the left A' is added. 
The interval, A'B', corrected for magnification, is added to, or subtracted from, the length of 
the base line, AB, to give the transverse diameter of the heart. 


AVlieii tile screen is illuminated tlie shadows of the lead triangles will ap- 
pear, lying somewhat above the shadow of the heart and separated by a dis- 
tance of somewhat more than 10 centimeters. The stick ivill appear in the 
midst of the heart shadow but rather nearer to the right border if the patient 
and the screen haA’e been centered in the usual manner. Unless the screen 
has an exceptionally long range of lateral motion it now ivill be necessary, in 
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most cases, to have the patient move a little to his right until the stick appears 
to lie at about the center of the transverse diameter of the heart shadow. 
Thereafter the patient should remain immobile. 

The remainder of the procedure will be described as comprising four 
steps. 

Stejy 1. — (Pig. 2, A.) The upper angles of the shadows {A' and B') of the 
lead triangles am marked on the screen with the grease pencil. The distance in 
centimeters between these marks, to be measured after the whole observation 
has been completed, divided by 10, giA’^es the "magnification ratio," a number 
that is to be used as a correction to later measurements. 

Step 2. — (Fig. 2, B.) The screen, with the tube, is moved to the obseiTer’s 
right until the stick appears tangent to the left border of the heart shadoAV, 
Then the loAver angle of the shadow (B') of the right-hand®' triangle (B) is 
marked on the screen, using a short A’-ertieal line drawn downward from the 
angle and a short horizontal line indicating the direction of the apex of the 
triangle. The mark then will appear as a letter T placed on its side; thus, — |. 

Step 5.— (Fig. 2, B.) The screen is moved to the observer’s left until the 
stick appears tangent to the right border of the heart shadow. The lower angle 
of the shadoAv {A') of the left-hand triangle {A) is marked on the screen, using 
the same sjunbol as that for Step 2, but reversed; thus | — . 

Step 4. — (Pig. 2, B.) The interval betAveen the tAVo marks ( — ] and 1 — ) 
noAv is measured. This measurement is divided by the magnification ratio 
and the quotient is added to 10 centimeters. The sum is equal to the trans- 
verse diameter of the heart. 

DISCUSSION 

A vertical plane passed through the target and the stick is approximately 
perpendicular to the screen. The plane, AAdien placed tangent to one heart 
border, is parallel to its position A\dien placed tangent to the other border. 
If the plane is nearly perpendicular to the screen the distance betAveen its 
tAvo positions, Avhen placed tangent to the tAvo heart borders in succession, 
is equal to the true radiologic "transA’^ei’se diameter” of the heart. In Avhat 
folloAvs, the plane will be called the "normal plane,” Avh ether placed at the 
right border of the heart or at the left border. 

The base line defined by the tAvo lead triangles on the anterior surface of 
the chest is a device for measuring the interval betAveen the tAvo positions of the 
normal plane Avhen the latter is placed in succession at the left and the right 
border of the heart. The method may be compared to the measurement of an 
object, for example the top of a desk, by means of an ungraduated, 5-foot pole 
together with a graduated foot rule. Neither end of the pole need be aligned 
exactly Avith the edge of the desk top ; the extent to Avhieh it extends beyond 
or falls short can be measured by the foot rule and the intervals added to or 
subtracted from 5 feet. The diagrams in Fig. 2 show the application of this 
principle to the fluoroscopic problem. The base line on the chest remains fixed 

♦The words ‘Tight” and "left” are used to signify direction relative to the observer, 
except where the reference is to a border of the heart; in the latter case the words are used 
with the usual anatomic signiflcance. 
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and the intervals (a and h) between its ends and the normal plane are de- 
termined first at the left border of the heart and then at the right border. 
The magnitudes of these intervals are calculated from the measured corre- 
sponding intervals on the screen reduced by division by the previously de- 
termined magnification ratio. AYhen the normal plane is placed at the left 
border of the heart if the right hand shadow lies to the left of the stick then 
the right end of the base line falls short of the normal plane and the corrected 
measured interval on the screen is to be added to the length of the base line, 
whereas if the shadow lies to the right of the stick the right end of the base 
line reaches beyond the normal plane and the corrected measured interval 
is to be subtracted from the length of the base line. The same procedure is 
carried out at the right border of the heart, the left-hand shadow and the left 
end of the base line being considered. The several possible relations are illus- 
trated in Pig. 2. In B, TD (transverse diameter) — 10 cm. + h - a; in C, 
TD = 10 cm. + b + a; in J), TD — 10 cm. ~ h - a. For an understanding of 
the method it is necessary to see how these end corrections may be calcu- 
lated and applied, as in these examples, but, fortunately, in practice the 
two end corrections do not need to be considered separately, for the geo- 
metric relations are such that the interval between the two marks, A' and 
B', on the screen, when divided by the magnification ratio, is equal to the 
algebraic sum of the two end corrections. Ilence the simple procedure of Step 
4 as described previously, is valid and the observer is spared some time and 
effort. If the TD of the heart is less than 10 cm. this combined correction 
always is negative, but it is always positive if the TD is greater than 10 centi- 
meters. In the case of a small heart, with a TD near 10 cm., the observer 
might be in some doubt about the sign of the small correction, but in this 
case another characteristic of the geometric relations provides the answer; 
it may be seen from the figures that when the marks ‘‘face” each other 
( — j I — ) the correction always is positive; when they are turned away from 
each other (] ]) the correction always is negative. 

The geometric principle on which this technique is based is simple and 
obvious, so that an a priori conviction of the soundness of the method reason- 
ably may be entertained. However, the results given by the method have 
been compared with measurements obtained in the same cases by the use of 
standard orthodiagraphic equipment. The discrepancies in the results, a feAv 
millimeters at the most, can be explained fully by some uncertainty about the 
exact location of the border of the heart’s shadow. Obviously this uncer- 
tainty affects the standard orthodiagraphic method as much as it does the 
method here described. 

In practice, this new method has been found simple and' expeditious. Al- 
though the explanation of the procedure may give the impression of com- 
plexity, the fact is that after a few repetitions the steps seem obvious and 
are easily remembered. Equipped with this method a clinician who has only 
a simple fluoroscope is enabled to measure the most significant dimension of 
the heart with satisfactory accuracy and can thus estimate the heart’s size 
and follow the changes in size during treatment. - 



THE EFFECT OF SPI.ANOHNIC RESECTION ON THE PERIPHERAL 
BLOOD FLOW AND RECTAL AND SKIN TEi\IPEBATURES 

IN HYPERTENSION 

Harold J. Stewart, SI.D., Willis F. Evans, J\I.D., Helen S. Haskell, M.D., 

AND Halla Brown, jM.D. 

New York, N. Y. 

I N A PRECEDING paper we have described observations relating to the 
peripheral blood flow and skin and rcetul temperatures in patients with 
essential hypertension.^ In those studies we found that the periphei’al blood 
flow was decreased in pei-sons noth essential hypertension as compared with 
normal young sub.iects, that the rectal temperature was higher in hypertension, 
but the average weighted skin temperature was lower in sulijects vnth hj*per- 
tension than in normal subjects. jMoreover. roughly speaking, the upper part 
of the l)ody was wanner and the lower imrt colder in hypertension than in 
nonnal subjects indicating a greater blood flow in the upper part of the body 
and a lesser peripheral blood flow in the lower iiaif of the body in lij^iertensive 
patients. There are, then, fundamental dift'erencas in the di.strilmtion of blood 
to the periphery in hypertensive patients as compared with normal subjects, 
and as compared Avith patients exliibiting hyperten.sion as a part of coarctation 
of the aorta- and pheochromocytoma.'’ 

The medical treatment of hyperten.sion lias neither yielded results which 
Avere uniformlj- successful nor has it significantly altered the natural histoiy of 
the disease (SteAvart"* and Atchley'^). As a consequence there haA*e come in rapid 
.succession in recent years tlie attempts to loAver blood pressure in arterial hyiier- 
tension by surgical procedures designed to interrupt sympathetic nerve path- 
AATays. At first partial sympathectomy Avas done (Craig and BroAvn® and CraigD- 
Then anterior nerve root section A\ms carried out (Adson and BroAAm,® Adson.” 
Heuer,'” and Page and Heuer”-’-). Then folloAA’^ed in succession the attempts 
to interrupt the sympathetic neiwes more completely (Allen and Adson,’* Smith- 
AAuck,”’ Peet. Woods, and Braden,’® Peet and Y’’oods,” and Griinson’®’ ’‘’). 
Since then additional reports haA'e been made by other obseiwers.-®'-’ A fall in 
blood pressure is achieved by these surgical measures in a certain number of 
subjects. It appears that the so-called SmithAAdek procedure’"*’ ’* is one of the 
most effective. 

Since the peripheral blood floAV in hypertensive patients shoAvs certain 
differences from normal individuals Ave Avished to see Iioav the peripheral blood 
floAV and rectal and skin temperatures Avere altered in these same h.Aqiertensive 
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patients when the splanchnic neiwes were sectioned noth the objective of lowering 
the blood pressure. Such observations form the subject of this paper. In the 
earlier part of these studies the sub- and supradiaphrag-matic resection of the 
gTcater, lesser, and least splanchnic nerves on both sides was done m succession 
at ten-day to two-week intervals." In the later operations, done after 1940, 
the Smithwick operation was carried out.^'’’ In this operation there is bilateral 
removal of the entire great splanchnic nerve with division of all of its aortic 
branches coupled witli interruption of the communicating rami of the ninth 
to the twelfth dorsal segments, inclusive, and the first and second lumbar ganglia, 
together Avith excision ot the .sympathetic trunk over this area. The Uvo sides 
are operated upon at ten-day to two-week intervals. The splanchnic bed is the 
mechanism of the human organism for maintaining the level of blood pressure 
essentially constant in changing from sitting to lying and standing position, and 
removal of the sympathetic impulses affecting the caliber of this bed has been 
found to give, in certain instances, a reduction of elevated blood pressure to 
normal levels, regression of retinal changes, and a disappearance of symptoms 
which were associated with hyjiertension. 

Since 1939, observations have been made on 7 ])atients before and after 
the less complete operation of siilanchnic resection, and on 19 patients before and 
after the Smithwick operation. The surgical aspects of these studies will be 
reported elsewhere.-' 

METHODS 

The peripheral blood flow was measured by our modification^^'^’ of the 
method of Hai'dy and Sodenstrom.-* The methods irsed were described in the 
earlier papei'’ and need not be repeated. Peripheral blood flow was expressed 
as cubic centimeters per square meter per minute. In the course of the observa- 
tions records Avere made of rectal tem]3erature and of the temperatures of elcA^en 
areas on the anterior surface of the body (Fig. 1) from Avluch the average 
Aveighted skin temperature could be estimated, of basal metabolic rate, of blood 
pressure, and of heart rate. 

Plan of' Procedure. — The plan of maldng the measurements of peripheral 
blood floAV AA^as described in a preceding paper.^ All measurements AA’^ere made 
AAdth the patients in a basal metabolic .state. The peripheral blood floAV Avas 
measured on one or more occasions to secure control or preoperatwe levels of 
peripheral blood floAv and of the other data. Shortly aftenvard the splanchnic 
nei’A^es Avere sectioned on one side. ^Yhen the patient had recoA’-ered from this 
procedure ten to fourteen days later, the observations relating to peripheral blood 
flow AA'ere repeated, after AA^iich the splanchnic neiwes on the other side AA’^ere 
sectioned. Ten days to tAA^o Aveeks later still, the observations relating to periph- 
eral blood floAA" Avere reiieated as aa'cII as at longer intervals after the completed 
operation. When patients returned for observations after discharge from the 
hospital, they Avere hospitalized overnight in order to be kept in a basal state 

*The eai'lier operations were clone by Dr. Frank Glenn and the later ones by Dr. Bron- 
son Ray. AVe wish to thank these members of the Department of Surgery for their coopera- 
tion in making tiiese studies possible. 
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for tlie observations the next morning. Occasionally, if patients lived near hj, 
they came to the hospital by taxi earlj’^ in the morning before breakfast and 
1 ested sufficiently long to insure basal conditions. All observations were made at 



a room temperature of 27° C. with a humidity of 45 to 50 per cent. The 
peripheral blood flow and temperatui-es and other data recorded in Table I 
represent the averages of all the observatins made for that morning. 
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Those having the partial operation are separated in Table I from those 
ill wliom the Smithwiek procedure was done. Moreover, since the object of the 
surgical procedure was to lower the blood pressure, the patients were grouped 
into those in whom the blood pressure fell to normal after operation, those in 
whom the blood pressure fell moderately, and those in whom the blood pressure 
was unaffected by operation. This was done in order to ascertain whether any 
changes in the peripheral blood flow and slrin and rectal temperatures were 
lirought about in these respective groups as a result of the surgical procedure. 

OBSERVATIONS 

Observations BeJaHng to Those Patients Subjected to the Smithwiek Pro- 
cedure in Whom the Blood Pressure Fell to Normal Limits. — In seven patients, 
six women and one man, the blood pressure fell to normal following the Smith- 
wick operation. In them we have compared the preoperative measurements of 
the circulation with those made when the blood pressure after operation was at 
normal levels. The average of the blood pressure for the group was 178/120 
iiefore and 124/89 after operation. The average rectal temperature, which was 
37.54° C. before operation, that is to say higher than normaP® (Table I, Fig. 1), 
fell to 37.01° C., but still remained higher than normal. The average weighted 
skin temperature wliich was 33.86° C. before operation feU to 33.49° C., that is 
to say below nonual. While these were the trends with respect to rectal and 
average weighted skin temperatures, statistical analysis showed that they were 
probably not significant changes. The temperature for areas of the upper part 
of the body fell as compared vdth the preoperative levels. These areas were: 
Areas 1 to 6 and included the forehead (Area 1), the upper chest (Area 2), the 
lower chest (Area 3), the abdomen (Area 4), the upper am (Area 5), and the 
forearm (Area 6). The temperatures of the upper (Area 8) and lower thigh 
(Area 9) were essentially unchanged by the operation but the temperature of the 
leg (Area 10) and of the foot (Area 11) increased very much; the rise in tem- 
perature in tlie latter was 2.2° C. The greatest fall in temperature after opera- 
tion, namely 1° C., was in the upper arm (Area 5) and foream (Area 6). 
The changes in temperature in these areas were consistently in this direction. 
The greatest rise in temperature, namely 2.2° C., occurred in the foot (Area 11) ; 
on statistical analj’sis this is slightly significant. There was fall in the average 
peripheral blood flow from 69 e.c. per square meter per minute to 50 c.c. per 
square meter per minute. The blood flow, however, varies considerably in in- 
dividual patients; in some patients the peripheral blood flow increased after 
operation, while in others it decreased. The change is not significant. The 
basal metabolic rate before operation averaged +3 per cent and after operation, 
-7 "per cent. 

Observations Relating to Those Patients Subjected to the Smithwiek Pro- 
cedure in Whom Blood Pressure Pecreased Moderately but Did Not Reach 
Normal. — Seven patients, tlu’ee men and four women, were in tliis group (Table 
I, Fig. 2). The average of the blood pressures before operation was 213/125 
and after operation it was 182/112. After operation the rectal temperature was 
essentially unchanged. The average sidn temperature for all the individual 
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areas of the body except Area 2 (upper chest) rose, but the increases were not 
statistically significant. The greatest increase, a rise of 2° C., was in the feet 
(Area 11) ; this rise occurred consistently and was significant. The increase 
of 0.8° 0. in the temperature of the leg (Area 10) was not significant. The 
peripheral blood flow rose from 50 c.c. to 63 c.c. per square meter per minute, 
which was statistically significant. 

Observations Relating to Patients Subjected to the Sniithivick Operation in 
Whom Ro Change in Blood Pressure Occurred. — Five patients, two men and 
three 'women, comprise this group (Table I, Fig. 2). The preoperative levels 
of blood pressure in this group ■was lo\ver than in the other group, namely 
157/109. After operation, the rectal temperature fell slightly, the average skin 
temperature fell, and the temperature of areas of the body from 1 to 9, inclusive, 
fell; these areas include the forehead (Area 1), the upper chest (Area 2), the 
lower chest (Area 3), the abdomen (Area 4), the upper arm (Area 5), the fore- 
arm (Area 6), the hand (Area 7), the upper thigh (Area 8), and the lower 
thigh (Area 9). The temperature of the leg (Area 10) increased only 0.3° C. 
and that of the foot (Area 11) only 1° C. as compared vdth a 2.2° C. rise in the 
group of patients whose blood pressui*e fell after operation. These changes 
are not significant. Decrease in peripheral blood flow from 51 c.c. to 36 c.c. per 
square meter per minute did not appear significant, though this group which 
includes only five patients is small for statistical analysis. In the five patients 
of this group the blood pressure rose after operation instead of falling; the 
average was 174/111 after operation as compared with 157/109 before opera- 
tion. 

Obs&i'vations Relating to Patients Who Experienced Partial Sympathectomy 
in Whom Moderate Fall in Blood Pressure Occurred. — Five patients, two men 
and three women, comprise this group. The average blood pressure fell from 
213/130 to 183/121 after operation. After operation (Table I, Fig. 2) no 
significant changes occurred in the rectal, average weighted skin, and local tem- 
peratures, or in peripheral blood flo'w. There was not the rise in temperature 
of the feet which was observed following the Smithwick procedure. 

Observations Relating to Patients Having Partial Sympathectomy in Wlwm 
a Pall in Blood Pressure Did Not Occur. — This group comprises one man and 
one woman. A. B. was subjected to the more extensive procedure two yeai^s after 
the partial operation. After oiieration (Table I, Fig. 2) the only significant 
change was the rise of 2.9° C. in the temperature of the foot (Area 11). 

DISCUSSION 

Observations relating to peripheral blood flow have been made in patients 
before and after sjunpathectomy designed to lower the blood pressure. The 
Smith-wick procedure was more effective for this purpose than was partial sjnn- 
patheetomy. The data have been analyzed so that the behavior of the peripheral 
blood flow could be related to the response to the operation. 

In all the small groups of hypertensive subjects, the trend, before operation, 
was for the temperature of the upper part of the body to be warmer than normal, 
and for the temperature of the lower part of the body to be cooler than normal.^® 
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111 those patients subjected to the Smithwick procedure in whom the blood pres- 
sure fell to normal after operation, the temperature of the upper part of the body 
fell after operation and the temperature of the lower part rose as much as 2.2° C. 
in the feet; the peripheral blood flow decreased; the rectal temperature, which 
was elevated, decreased; and the ayerage weighted skin temperature decreased. 
The weighted fall in the upper part more than balanced the rise in temperature 
of the lower extremities. These temperature changes are sIioyti graphically in Pig. 
1. Before operation (open circles) the symbols representing the rectal, average 
skin, and the temperatures of Areas 1 to 8 are mostly at the upper part of the 
chart, while those of Areas 10 and 11 are mostly at the lower part. After opera- 
tion (closed circles), the rubrics representing tlie rectal, average skin, and the 
temperatures of Areas 1 to 8 move down, but those representing the temperatures 
of Areas 10 and 11 move up. Though this is the trend, only tlie change in the 
foot temperature is of statistical significance. Before operation, in the group 
in which the Smithwick operation produced a moderate fall in blood 
pressure, the rectal temperature was slightly elevated, the average weighted 
skin temperature was slightly decreased, but the temperatures of the areas of the 
skin were essentially normal except for the lower thigh and leg winch were cooler ; 
the peripheral blood flow was decreased. After operation, tlie average weighted 
skin tempei'ature rose as did the temperature of most of the areas of the body, 
the greatest rise, 2° C,, being in the feet. The peripheral blood flow rose. 

Those in whom there was no fall in blood pressure after operation had, 
before operation, essentiallj’’ the same characteristics in their measurements as 
did the preceding group. After operation there was a fall in rectal temperature ; 
the average weighted skin temperature fell, as did the temperatures of the in- 
dividual areas for the upper part of the body, with the exception of the feet in 
Avhich the temperature rose 1° C. only. The peripheral blood floAV decreased as 
would be expected vuth the lower skin temperature. 

In those patients subjected to partial sjunpathectomy the peripheral blood 
flow decreased and the weighted skin temperature feU. Those in whom the 
lowering in blood pressure was moderate showed veiy slight fall m foot tem- 
perature, and those in whom the blood pressure was unchanged showed a rise 
in foot temperature. 

Out of these obseiwations no patterns appear which relate the amount of 
peripheral blood flow to the level of blood pressure following sympathectomy. 
The average weighted skin temperature rose or fell according to whether the 
peripheral blood flow increased or decreased after operation. There was, on the 
whole, rise in the foot temperature as a result of operation, the most marked 
increase being in those who had the more extensive operation (Smithwick) and 
in whom there was fall in blood pressure. 

Pall in blood pressure to normal after the Smithwick operation occuiTed in 
six women but in only one man. AVhen this group of six women is analyzed for 
the changes occurring after operation, they show the same general trends as 
the group as a whole, namely fall in peripheral lilood flow, fall in rectal tem- 
perature, fall in average weighted sldn temperature, and fall in temperature 
of the upper part of the body and rise in temperature of tlie lower part of the 
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body. From these observations we could not detect any cliaracteristics which 
set those patients apart, from those avIio failed to experience a fall in blood pres- 
sure. 

In those patients subjected to the Smithwiek jDroeedure and to partial 
sympathectomy, all tlie measui’ements before operation were averaged and com- 
pared with the corresponding- estimations after operation (Table I, Fig. 2). 
Likewise all the preoperative as well as the postoperative measurements of all 
patients subjected to any form of sympathectomy were averaged. The changes 
for the entire grouj) of patients are less mai-ked, because the changes shovm in 
those groups in whicli marked changes occurred are pulled out of line by those in 
which no changes occurred. The trends, as shown in the frequency diagram 
(Pig. 2} are, hou’cver, e.ssentially the same as in the smaller groups, but are not 
of statistical significance. 


N 



AV. SKIN TEMPERATURE 


Fig. 3. — In this figure all the peripheral blood flows of all patients (Table 1) 
against the corresponding average skin temperatures before (closed circles) and ter t open 
Srcles) operation. A liSear relationship is apparent in that the higher average skm tem- 
peratures were associated with the liigher peripheral blood flow.s. 


The colder feet and lower parts of the body in hypertension may be due to 
increased vasoeonstifction in these regions and in the splanchnic area, which is 
relieved by splanchnic resection. The marked rise in foot temperatiu-e is what 
is to be expected from including the section of the second lumbar ganglion m 
the operative procedure. 
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Tlie data relating to tlie basal metabolic rates are of interest. Those pa- 
tients in Avhoni the blood pressure fell to normal (Smith wick) showed a fall in 
tJie basal metabolic rate from +3 pei* cent to -7 per cent, a fall of 10 iier cent; 
those showing- slight fall in blood pressure (Smitliwick and partial sjnnpathee- 
tomy) showed a fall in rate of 4 per cent; and those whose blood pressure was 
not altered (Smitlmdck and partial sympathectomy) showed no change in the 
basal metabolic rate. 

In the group of llypertellsi^'■e patients considered in this paper, there is a 
linear relatioiishiii between peripheral blood flow and average weighted slrin 
temperature before operation (Fig. 3), just as there was in the larger group al- 
ready reported.^ This relation.ship is maintained after operation, but the cor- 
relation is even more strildng and fewer points fall outside the zone showing 
the closest correlation (Pig. 4). 

ISO 

160^ o = POST-OPERATIVE MEASUREMENT o 


I40L ■ o 



AV SKIN TEMPERATURE 'C 

Fig. 4. — In this figure all the postoperative measurements of peripheral blood flows of 
all patients (Table I) are plotted against the corresponding average skin temperatures 
(Table I) revealing a very close correlation. Most of the points which were out of line with 
this correlation in Pig. 3 were in the preoperative measurements of the patients. 

SUMMARY 

The peripheral blood flow has been measured by a inodiflcation of the 
method of Hardy and Soderstrom in patients with arterial hypertension before 
and at intervals after splanchnic resection, undertaken with the intent of lower- 
ing the blood pressure. In addition obseiwations were made of the skin and 
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rectal temperatures. In 19 patients the Smitlnvick procedure was carried out, 
and in seven operated upon earlier, the less extensive operation was done. The 
following facts emerged: 

1. In these patients the Smithvdck procedure was more effective in lowering 
the blood pressure than the less extensive splanchnic resection. 

2. Since the objective of the operation is to lower the blood pressure, the 
groups in which this occurred are of special interest with respect to peripheral 
blood flow. The most marked differences in the observations made before and 
after operation were recorded in the gi-oup in which the blood pressure fell to 
normal after operation. The peripheral blood flow decreased, the rectal tem- 
perature fell, the average weighted skin temperature fell, the temperature of 
the upper part of the Ijody fell ; the temperature of the lower part of the body, 
especially of the feet, rose. The effects were less in those vdth less marked faU 
in blood pressure or without change in blood pressure, 

3. There was, however, no pattern discernible in the individual peripheral 
blood flows when these were analyzed in relation to the effect of the surgical 
procedure either in those in wliieh the blood pressure fell to normal or in those 
showing less benefit from the operation. 

4. The peripheral blood flow in hypertension beam a linear relationship 
to the weighted skin temperature. This relationship is especially close after 
splenehnic resection. 

5. In those patients exhibiting the most marked lowering of blood pressure 
after operation, the average skin temperature fell after operation. The tem- 
perature of the upper part of the bodj'-, which before operation was warmer than 
normal, fell ; the temperature of the feet, which Imfore operation was cooler than 
nonnal, rose after operation. The elevated rectal temperature in hypertension 
falls after operation. 

6. In those patients showing a fall in blood pressure to normal after op- 
eration, the mean basal metabolic rate decreased 4 per cent, and in those whose 
blood pressure was not lowered, no change in the mean basal metabolic rate 
occurred. 

7. Wliile the peripheral blood flow is, on the average, lower in hypertensive 
than in normal subjects,^ there aiu wide ranges, and the differences are not sig- 
nificant. The level of blood pressure has no relation to peripheral blood flow 
either Avliere the blood pressure is high or in the same patient after restoration 
of normal blood pressure. 

It is likely that the mechanism, whatever it may be, which is responsible 
for the elevation of blood pressure in hj^jertension is also responsible for the 
differences in local skin temperatures which hypertensive patients exhibit when 
compared with normal individuals. 
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MYOCARDIAL COMPLICATIONS OF CUTANEOUS DIPHTHERIA 

Major Calajn P. Kay, M.C., akd ]\Lvjor Clarence S. Livingood, j\I.C. 

Army of the United States 

T he diagnosis of cutaneous diphtheria was made in 140 American soldiers 
admitted to a United States Army General Hospital in the India-Burma 
Theater during the period from. July through December, 1944. The myocardial 
complications observed in tlie.se patients are considei’ed in this report. Data are 
presented Avith reference to the incidence, predisposing factors, time of onset, 
duration, symptomatology and course, pliysical findings, electrocardiographic 
studies, associated neuritic complications, treatment, and ultimate disposition 
of these patients. None of the patients of the cutaneous diphtheria series who 
deAmloped a cardiac complication liad had clinical evidence of faucial diphtheria. 

A communication dealing especially Avith the dermatological aspects of 
cutaneous diphtheria, including data AAuth reference to the epidemiologA^ in- 
cidence, predisposing factors, description of the lesions, lalioratory findings, 
treatment, and ultimate results, is to be pulilished.^ A separate report of the 
neurological complications of the disease is also to be pulilished.- 

The cases of cutaneous diphtheria considered in this report occurred almost 
exelusiA^ely in combat soldiers aa4io had been evacuated during or after a 
strenuous campaign fought in jungles, maishes, and foxholes during the Avet 
monsoon in Burma. Wet feet, poor foot hygiene, multiple minor abrasions, and 
insect and leech bites Avere undoubtedly important predisposing factors to the 
development of the cutaneous lesions. These lesions, Avhich are desciibed in 
detail elseAA’’here,^ Avere ulcerative, usually Avith a membrane or a leathery, black, 
adherent, inlaid crust. The lesions Avere usually multiple, and predominant!}' 
affected the extremities. They Avere extremely resistant to treatment, and in 
many instances persisted for many AA'eelcs or months. 

Although diphtheria Avas early suspected as the cause of the skin lesions, 
conclusive laboratory proof Avas not obtained until several weeks later. Organ- 
isms liaAung the morphologic appearance of Klebs-Loffler bacilli Avere recovered 
in approximately 80 per cent of the 109 patients in AA'hom the skin infection Avas 
stHl actiA'e at the time of admission, but at first the fermentation reactions 
appeared to indicate that these organisms Avere not diphtheria bacilli. Later, 
hoAvever, a change Avas made in technique AA'ith the result that virulence-positive 
Klebs-Loffler bacilli Avere recovered in 26 of the last 38 cases. 

Neurological complications, desei'ibed elseAA'here,- developed in 43.5 per 
cent of these patients. They first appeared as early as the tAventy-third day 
of the skin lesions or as late as the one hundred fifty-eighth day; the 
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average onset occurred at about tlie seventieth day. They varied in intensity 
from slight visual blurring, slight tingling of the extremities, or slight muscular 
weakness to extensive generalized paralysis with muscular wasting. E-ecovery 
was usually slow, averaging about one hundred days. Init the ultimate prognosis 
was excellent. 

A severe myocarditis, witli rapidly fatal outcome, occurred as a com- 
plication in one of the first patients admitted in the epidemic. During the 
same Aveek a similar fatality occurred in a neai‘-by hospital. As a result, 
tremendous respect Avas engendered for this potentially lethal complication of 
Avhat Avas otherwise an essentially benign, although prolonged and incapacitating 
disease. Consequently, in all patients in AA'hom the diagnosis of cutaneous 
diphtheria Avas suspected, every effort Avas made 1o prevent the development of 
a cardiac complication or, if this aa^s impossible, to detect and treat it at the 
earliest possible stage of dcA^elopment. With these ob.jectives in aubaa', all patients 
in Avhom the diagnosis of cutaneous diphtheria Avas suspected AA’^ere isolated at 
complete bed rest as patients of the dermatology section, AA'here local therapj* 
Avas giA’^en. The policy AA’ith respect to the administration of antitoxin Avas at 
first poorly defined, but as soon as avc became certain that Ave Avere dealing AAuth 
cutaneous diphtheria in epidemic pi’oportions, a definite policy for the adminis- 
tration of antitoxic serum AA^as established; 20,000 to 40,000 units of diphtheria 
antitoxin Avere promptly administei’ed to all patients in AAdiom actAe cutaneous 
diphtheria Avas diagnosed clinically. Contraiy to other reports, Ave are con- 
A’inced that this disease can be accurately diagnosed by an experienced dermatol- 
ogist, particularly in the height of an epidemic. As soon after admission as 
feasible, the patients Avere examined for any evidence of cardiac disease, and an 
electrocardiogi’am AA'as taken. Thereafter, tracings Avere repeated eAmry ten 
to tAA^enty days until the lesions had become definitely inaetiA’’e. Any patient Avho 
exhibited SAunptoms, signs, or electrocardiographic changes suggestive of cardiac 
luAmlvement Avas observed especially closely and Avas studied frequentlA'’ Avith 
the electrocardiograph. When cardiac involAmment Avas definitely diagnosed or 
considered probable, the patient AA’as continued at bed rest until all evidence of 
the cardiac complication had disappeared. 

Myocarditis: Incidence, Time of Onset, Duration . — In the 140 patients 
Avith cutaneous diphtheria, myocardial complication Avas diagnosed as a certainty 
in four, one of AAdiom died, and Avas considered probable in three others. The 
incidence Avas 5 per cent. In several additional patients it Avas considered 
possible that a minimal myocarditis had occurred, but the diagnosis could not 
be definitely established. 

The earliest aiipearance of an electrocardiographic abnormality Avas on 
the tAAmntieth day after the onset of the cutaneous lesions. In the patient who 
died on the forty-first day of liis cutaneous disease, symptoms of cardiac disease 
first appeared about the thirty-eighth day. In another patient, the myocarditis 
AAms first diagnosed as late as the sixtieth day, although it may have lieen present 
for some time before this, inasmuch as the patient Avas not admitted to the 
hospital until the fiftieth day, had no cardiac symptoms, and did not have an 
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electrocardiogram taken until the sixtieth day. In general, the period of the 
fourth to the seventh meek of the eutaneons diphtheria appeared to he that 
in which myocarditis developed, if at all. 

The duration of the myocarditis ranged from twenty-eight to fifty days 
in those in whom tlie diagnosis was considered probable, and from sixty to ninety 
days in those in whom it was certain, excepting, of course, the one patient who 
died four days after the onset of symptoms. Cardiac abnormality did not 
persist beyond one Imndred forty days from tlie onset of the ciitaneous lesions 
in any patient. ' 

Gli'nical Syviptoms and Signs . — ^With few exceptions, sjunptoms were by 
far more frequent and more striking in those patients who did not have any 
evidence of organic cardiac disease than in those who had real cardiac complica- 
tions. Typical cai-diac neurosis plienomena, such as palpitation, tachycardia, 
stabbing preeordial pains, and tach,ypnea, occurred with great frequency on the 
cutaneous diphtheria wards, especially after the death of the one patient. Of the 
seven patients in whom the diagnosis of myocarditis, definite or probable, was 
made, four had no symptoms which could be considered as cardiac in origin. 
Had these patients been allowed activity, it is quite possible that symptoms 
would have appeared. Of the other three, two complained of dyspnea and faint- 
ness upon slight exertion. The third patient, the one who died, first complained 
of aching right-sided abdominal pain witli nausea and some breatMessness on 
exertion. These symptoms increased but were not incapacitating or severely 
distressing until eighteen hours before death when the discomfort extended 
upward into his chest as a steady dull pain; he began to vomit profusely, became 
very dizzy, and collapsed beside his bed. In spite of rest, morphine sedation, 
and oxygen, dyspnea and faintness persisted until deatli. It is interesting, and 
probably significant, that palpitation was never a symptom in any patient 
with myocarditis. 

In tlie patient who died, whose symiitoms have been described, the most 
strilring physical sign was extreme pallor, despite a completely normal hemo- 
globin. The patient appeared moderately dyspneic; the neck veins were en- 
gorged, and the liver was enlarged and tender. There was no definite evidence 
of cardiac enlargement; precordial pulsation was not visible. Although the 
cardiac sounds were barely audible, there was a distinct gallop rhjdhm. The 
pulse was extremely feeble with a rate of 110. The systolic blood pressure was 
60 mm. Hg; the diastolic pressure could not be determined. 

In the other six patients, the phj’sical signs were not striking. Tachycardia 
was absent; the heart rate at rest did not exceed 90 beats per minute. Two 
of the patients had occasional extrasystoles. The blood pressure was below 
100, systolic, in only two instances ; a pressure of 90/50 was the lowest reading 
obtained. The neck veins were not engorged. The heart Avas not enlarged 
on physical examination in any of these patients, although in one x-ray films 
showed slight but definite enlargement. Later the heart became normal in 
size. Precordial pulsations and cardiac sounds were definitely feeble in two 
of the patients; in the others they were normal, Nq murmurs or friction nfi)s 

were heard, 
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Laboratory findings were generally nomal. A leiieoeytosis of 22,000, pre- 
dominantly polymorpbonnclear, Avas present on the day of death in the one 
patient. In the others the leneoeyte count was normal; if any slight eleAmtions 
were present they could be accounted for on some other basis. Sedimentation 
rates, taken on five of the seven patients, Avere normal. 

Antopsif Findings. — ^At post-mortem examination of the one patient Avho 
died, the heart Avas flabby and slightly dilated. The pericardium contained 
100 c.c. of straAv-colored fluid. The epicardium, endocardium, and pericardium 
Avere speckled Avith many petechial hemorrhages. The myocardium AA*as pale 
broAvn AA’ith grayish streaks, klicroscopic examination revealed extensive frag- 
mentation and disintegration of the muscle fibers, Avith degeneration, nuclear 
changes, and interstitial cellular infiltration, predominantly lAunphocytic. 



Pig. 1. — Definite myocarditis. Onset of cutaneous diphtheria August 3. Severity of 
lesion graded as 4 plus. There was no neuritis. Antitoxin was not given. The onset of 
cardiac symptoms was Septemtoer 10. These consisted of abdominal pain, dizziness, dyspnea, 
vomiting, chest pain, and collapse. Death occurred on September 13. The electrocardio- 
graph showed a rate of 110, with a regular rhythm. The P waves cannot be definitely 
identified. The QUS complexes in the limb leads were of low voltage and slurred. There 
were deep Q waves in all chest leads. The T waves are of low amplitude. The electro- 
cardiographic diagnosis was “abnormal tracing, probably indicative of myocarditis.’’ 


Mectrocardiographic Findings. — The electrocardiograph provided by far 
the most relialile and, in four instances, the only means of establishing the 
diagnosis of diphtheritic myocarditis. In all, 381 tracings Avere taken in the 
study of the 140 patients in Avhom the diagnosis of cutaneous diphtheria was 
made; in addition, tracings Avere taken on seA^eral patients Avith ulcerative skin 
lesions but in AA’hom the diagnosis of diphtheria Avas ultimately excluded. 


Fig. 2.— Definite myocarditis. Onset of cutargou^^iphttena Juli^ S^^ySeveng 

,1 ,1 T^^n^ T'fpiiritis developed on tne sixm aaj. ine nhmit the fiftieth 


and consistTd of dizziness and dyspne^ The eiectroi^ram^ 

^^85 tvith a nodal rhythm. The There tvci^e minor Sges in the amplitude 

iittent inversions of- the P waves in all leads. The RS-T segments were slightly 

^if cfnfiguUon of the QRS m and the chest leads. 

flatiftracinis (e g. December 9) the T waves became upright. 
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From an analysis of these tracings, several conclusions eonld be drawn: 
(1) Tachycardia was not an imiiortaut feature. (2) Extrasystoles were observed 
no more frequently than one would expect in a group of normal individuals. (3) 
P-K interval prolongatioiis above 0.20 second were not observed in any patient in 


4 Sept. 17 Nov. 





I It I I U i . i I I k 


f tTTTI fp A 




s 



Pig. 3. — Definite myocarditis. Onset of cutaneous diphtheria July 1. Severity of lesions 
gi-aded as 4 plus. Severe neuritis .set in on the fifty-fourth day and lasted one hundred 
eighty-four days. No antitoxin was given. Cardiac symptoms appeared on the fifty-sixth 
day and consisted of dizziness and dyspnea. On Sejitember 4 the electrocardiograph showed 
a rate of 80, with a sinus rhythm. The P-R interval was 0,16 second. The QRS complexes 
were of very low amplitude. Tlie T waves were inverted in all leads. The amplitude of the 
QRS complexes showed a progressive increase. On November 17 the T waves became up- 
right in all leads. 
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whom tlie diagnosis of myocarditis was made, and in these patients the P-R 
interval did not tend to change significantly as recovery progressed. In two 
patients with no other evidence of myocardial abnormality, a P-R interval of 
0.24 second was found. These patients were considered to have possible myo- 
cardial complication. Tracings were taken repeatedly. After a number of 
weeks, despite the persistence of the long P-R interval, one of them was recondi- 
tioned and sent to duty; the other was reassigned on neuropsj^cliiatrie grounds. 
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Fig-. 4. — ProlsaWe myocarditis. Only the precordial leads are shown. Onset of cutaneous 
diphtheria September 8. Severity of lesions graded as 4 plus. There was no neuriUs. 
Antitoxin was not given. Tliere were no cardiac symptoms. The T waves in CRs were in- 
verted in tlie first tracing, made on October 6 (twenty-eighth day). T-wave changes "were 
most pronounced on October 18, less marked on November 8, and normal on November 24 
(seventj''-fifth day). Ti was flat in the tracing of October G and became progressively higher 
during the period of the return to normal of the T waves in CRs. The tracing was otherwise 
normal. The duration of electrocardiographic abnormality was forty-seven days. 


We doubt that this finding was a manifestation of diphtheritic mjmearditis. 
In the patient who died, P waves could not be definitely identified. One patient 
with definite myocarditis had a consistently short P-R interval tvith intermittent 
P wave inversion in all leads. (4) Abnormalities in the QRS complex were not 
striking. The amplitude was a little low in some instances and jiroiiouncedly 
so in the patient who died. He also had very abnormal QRS complexes in the 
chest leads. Intraventricular conduction defects were not observed. (5) The 
most marked abnormalities were in the T waves, especially in Lead CR 3 . De- 
pression or frank inversion of the T wave in this lead was the one consistent 
finding, occurring in all of the patients in whom the diagnosis was made with 
the exception of the one who died. Pigs. 1, 2, 3, and 4 are representative tracings 
from the patients in this series. 
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Criferm for the Diagnosis of Definite or Prohahle Myocarditis . — The 
diagnosis of myocarditis was considered certain in tliose patients in whom 
definite electrocardiographic ahnonnalities were observed in repeated tracings, 
with subsequent progressive changes toward normal. In three of the four 
patients so diagnosed there were corroborating clinical evidences of myocardial 
disease. Myocarditis was considered probable in patients in whom a definite 
and characteristic abnormality was obseiwed in one tracing only, or in whom the 
electrocardiographic findings were highly suggestive of abnormality and showed 
progressive changes toward normal in repeated tracings' Clinical evidence of 
myocarditis was not present in these patients. j\Iyocarditis was at first con- 
sidered possible in a large number of patients, either on the basis of suggestive 
symptoms, tachycardia, or electrocardiographic findings (extra systoles, axis 
deviation, Q waves in Leads TI and III, etc.) which suggested the possibility 
of abnormalitj'. In most instances, the persisting and unchanging nature of 
these findings beyond the period when true myocarditis could be considered 
possible served to rule out organic cardiac disease. In seven patients, however, 
the possibility that a minimal myocarditis had been present could not be en- 
tirely excluded. 

Relation of the Severity of the Cutaneous Disease to the Development of 
Myocarditis. — The 140 cases were graded according to their severity, depend- 
ing upon the number and size of the cutaneous diphtheria lesions. Table I indi- 
cates the grade of severity of the cutaneous lesions in each of the patients "with 
definite or probable myocarditis. It is apparent that definite myocarditis de- 
veloped only in patients in whom the cutaneous disease was severe. In the 
patients with probable myocarditis the correlation is not so clear as in those 
with definite myocarditis. 


Table I. Tiie Severity of the Srax Lesioxs axd the Developmekt of Myocarditis 


Severity of sliiii lesions 

4 plus 

3 plus 

2 plus 

1 plus 

Total number of cases 

18 

34 

38 

50 

Definite myocarditis 

3 

1 



Probable myocarditis 

1 

1 

1 



The Development of Neuritis With Relation to Myocarditis. — In the group 
of four patients in whom the diagnosis of myocarditis was definite, aU but one, 
the patient who died, had neuritis, either severe or moderately severe. In two 
patients the symptoms of neuritis appeared at about the same time or slightly 
before there was evidence of cardiac involvement. In the third, neuritis had been 
present for twenty-eight days before the m 3 'ocarditis was diagnosed on the 
sixtieth' daj* of the cutaneous disease. In the group of three patients in whom 
the diagnosis of mj'ocarditis was considered probable, onlj* one developed 
neuritis, the onset of which occurred after the electrocardiographic abnormalities 
had disappeared. Thus, when mAnearditis developed in cutaneous diphtheria, 
neuritis usually' accompanied, preceded, or followed it. 

Preventio7i and Treahnent of Cardiac Co^npili cations. — In regard to these 
factors, we started with certain assumptions, and at the termination of the stud^* 
our information had not greatly increased. For example, it was reasonable to 
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assunie that any local or general therapeutic measures which would reduce the 
severity and duration of the cutaneous lesions Avould also reduce the frequency 
of the complications. These therapeutic methods are discussed in detail 
elsewhere.^ It may be stated in brief that the most important factors were 
rest, local hygiene, and ihe prompt injection of antitoxin. A variety of local 
medications as well as systemic sulfonamides and penicillin were tried with in- 
different results. 

Of the seven patients who developed definite or probable myocarditis, only 
one had received antitoxin. This Avas a patient in Avhom the diagnosis of prob- 
able myocarditis Avas made only two days after the serum Avas injected. Despite 
this obsei'Amtion, no conclusion regarding the direct efficacy of antitoxin as a 
prophylactic agent can be clraAvn; many other considerations AA’^ere involved. In 
the early cases, in A\diieh antitoxin was rarely giA’^en and limitation of aetiAuty 
Avas not enforced, the skin lesions were generally much more severe than the 
later cases in AAdiieh treatment Avas noneffective; it Avas from this early group 
that six of the seven eases of myocarditis Avere derived. LikcAAuse, myocarditis 
Avas ncA^er seen to develop in any j)atient after he had been restricted to bed; 
but for the same reasons, the Aurtue of this lAAcasure is difficult to assess. 

Six of the seven patients AAUth myocarditis recovered. The only therapeutic 
measure employed Avas bed rest until ail evidences of abnormality had disap- 
peared. None of these patients at any time appeared to be in serious danger 
from his cardiac disease; therefore, a eonseiwative policj^ seemed justified and 
experimentation contraindicated. In the patient avIio died, the diagnosis AA^as 
not made until about eighteen hours before death; bed rest, morphine, and 
oxygen Avere the measures used, but in view of the condition of the myocardium 
at autopsy, it seems doubtful that any therapy instituted at that late date 
Avould have influenced the outcome. 

TJUimafe Disposition. — Of the four patients in AA'hom the diagnosis of myo- 
carditis Avas definite, one died, one was reassigned to noneombat duty, and 
two were returned to the United States, primarily ]3ecause of neuritic rathei' 
than cardiac complications. Of tlie three patients in AAdiom the diagnosis Avas 
probable, one returned to full combat duty, one Avas reassigned to noneombat 
dnty because of indolence of his skin lesions, and one Avas returned to the 
United States for reasons unrelated to his diphtheria. In all, no patient Avas 
confined to the hospital more than one hundred fourteen days for cardiac 
study or treatment ; some remained longer, hut for other reasons. 

Discussion of the 3Imiagement . — At the beginning of the epidemic we were 
not sure that aa'^c AAmre dealing AAutli cutaneous diphtheria. The dermatologist 
had suspected the possibility, yet all cultures had been negative. The death of 
a patient from a cardiac complication immediately focused onr attention on the 
etiology, and gave rise to a strict set of rules for management and careful cardiac 
study of all eases. Although there is a great deal of literature on postfaueial 
diphtheritic myocarditis, veiy little information Avas available to us about the 
cardiac complications of cutaneous diphtheria. Nothing Avas loioAvn concerning 
the incidence, time intervals, correlation Avith severity of cutaneous lesions, or 
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relation of cardiac to neuritic comj)lications. It was the general impression that 
antitoxin would l^e of little or no benefit except in the earliest stages of the skin 
disease. 

As a result of our experience with 140 cases, the folloYung impressions have 
been formed regarding cardiovascular management : 

1. Patients in whom the diagnosis of cutaneous diphtheria is suspected 
should be immediately evacuated to a general or station hospital where adequate 
faeilitips for isolation, treatment, and stud 3 '’ (including eleetroeardiographj'-) are 
available. 

' .Among the patients '^rhose skin lesions were mild or minimal, prolonged 
confinement to bed resulted in more i)S 3 ’"e]iological and phj'sical disability than 
was w’arranted bj^ the potential danger of mj'oearditis. This selected group 
should be given freedom of the ward, cardiac s.vmptoms should be carefulty in- 
vestigated, and tracings should be taken about every two weeks until three 
weeks after the cutaneous lesions have begun to heal. If no evidence of 
abnormality is then found, further cardiac study is unnecessary’-. 

3. Patients with severe cutaneous diphtheria should be confined to bed and 
closety observed. Tracings should be made eveiy week or ten day’^s until about 
seven weeks after the onset of the lesions. Periodic tracings should be made for 
an even longer period if the activity of the cutaneous lesions is unusually’- pro- 
longed. If at that time there is no evidence of myocarditis, activity may be 
rasumed. A final tracing should be taken at about the tenth week. 

4. In regard to the use of antitoxin, further information is needed. The 
possibility has been considered that large doses (200,000 to 400,000 units) might 
have more evident beneficial effects than doses of 20,000 or 40,000 units. 

Comparison WUh the Myocardial Complications of Faucial Diplithena . — 
The mymearditis we have observed as a sequel to cutaneous diphtheria resembles 
that which complicates the faucial form -in several respects. In either instance 
the signs and symiptoms of severe mymearditis are similar and dramatic, but in 
the milder forms are not striking.®''^’ ^ "When death does not occur in the acute 
phase of the complication, the prognosis for ultimate complete recovery is 
excellent.® The pathologic findings in our fatal case resembled those described 
in the m.yocarditis of faucial diphtheria.'^’ ® It is of especial interest to compare 
our series of 140 cases of cutaneous diphtheria vdth the series of 140 cases of 
faucial diphtheria which Buridiardt, Eggleston, and Smith® followed with 
especial reference to cardiac and neurological complications. Twenty-three of 
their patients developed T-wave changes, principalty during the second and 
third weeks of the iUness. Similar T-wave changes developed in six of our 
patients between the fourth and seventh weeks. In their series, 17 patients 
showed conduction defects l)etween the fifth and thirteenth day^s of the 
diphtheria; in our one fatal case, in which the my’^oearditis developed on the 
thirty-eighth dayq an A-V dissociation may have lieen present. Fourteen fatali- 
ties occurred in their series, one occurred in ours. In both series, neuritis was 
associated with myocarditis in high incidence. It would thus appear that the 
my’-ocarditis which follows cutaneous diphtheria is essentially identical with that 
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wliicli follows faucial diphtheria, hut is a less frequent complication and one 
which develops at a later period after the onset of the infection. 

BalP has described the evolution of RS-T segment and T-wave changes 
in two cases of myocarditis after faucial diphtheria. These patients showed 
no clinical evidence of heart disease. Burldiardt, Eggleston, and' Smith® consider 
the T-wave changes to be the result of intoxication rather than of structural 
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damage to the myoeardiiim and eonsider them to have little or no prognostic 
valne. We are not entirely in agreement Ynth this opinion, in %dew of the clinical 
evidence of heart disease in three of oiir patients in whom the electrocardio- 
graphic changes were of the T-wave tj^ie. Our view that T-wave changes do 
have prognostic value is supported by an example of severe heart disease 
following faucial diphtheria. The symptoms and signs in this patient resembled 
those of a severe coronary occlusion. The first tracings taken showed only marked 
RS-T segment and T-wave abnormalities, but intraventricular conduction de- 
fects developed a few days later (Fig. 5). We feel that the RS-T segment and 
T-wave abnormalities are the result of an early or mild myocardial involvement 
and are potential precursors of later, more serious involvement. 

SUMJIARY 

1. The myocardial complications which developed in a group of 140 patients 
with cutaneous diphtheria have been considered. 

2. Shortly after cutaneous diphtheria was first observed in this hospital 
we became impressed with the gravity of the myocardial complications, and 
measures were instituted in an effort to recognize this complication early and to 
prevent death from this cause. The measures adopted maj* have been more 
stringent than necessaiy. 

3. Definite myocarditis appeared in four patients, one of whom died. The 
diagnosis was considered probable in three additional patients, an incidence of 
5 per cent. In seven other patients the diagnosis could not be excluded 
entirely. 

4. The symptoms, signs, laboratory studies, and electrocardiographic find- 
ings in these patients are discussed. 

. 5. Cardiac complications developed from the fourth to seventh week after 
the onset of the skin lesions. Their duration was from one to three months. 
All patients who survived showed no evidence of cardiac abnormality after 
four and one-half months from the onset of the skin lesions. The electrocardio- 
graph is an essential in the diagnosis and evaluation of the myocarditis. 

6. A definite jiarallel relationship existed between the severity of the 
cutaneous lesions and development of cardiac complications. Of 18 patients with 
very severe cutaneous diphtheria, four (22 per cent) developed myocarditis; 
whereas the complication did not appear in any of the 50 patients in whom 
the cutaneous lesions were mild. 

7. Neuritis developed as a complication in the three patients with definite 
mj'oearditis who survived, and in one of the three patients in whom the diagnosis 
of myocarditis was probable. The onset of neuritis either preceded, or coincided 
with, or followed the onset of the myocarditis. 

8. It is concluded that myocarditis is an infrequent complication of 
cutaneous diphtheria, but one which must be especially considered in any patient 
in whom the degree of cutaneous involvement is severe. 

The author is indebted to Colonel Francis C. Wood for his many helpful suggestions 
and to First Lieutenant Thelma Cline for invaluable technical assistance in the course of this 
study. 
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THE PEESENCE AND PATHOGENESIS OF ENDOCARDIAL AND 
SUBENDOCARDIAL DEGENERATION, MURAL THROMBI, AND 
THROMBOSES OP THE THEBESIAN VEINS IN CARDIAC 
FAILURE PRO]\I CAUSES OTHER THAN 
MYOCARDIAL INFARCTION 

]\L\jor Joseph E. Flynn, j\I.C., ^vnd Captain Frank; D. IV'Iann, M.C. 

Army op the United States 

F ibrosis or fibnnoid changes of the endoeardinm, Ydth or without a leuco- 
cytic infiltration, and hydropic degeneration of the subendocardial myo- 
cardium are commonly found in noninfarcted hearts of patients having signs and 
s;^Tnptoms of congestive heart failure, regardless of the etiologj* of the failure. 
i\luch less commonly, in addition to the endocardial fibrosis and subendocardial 
hydropic degeneration, ventricular mural thrombi and thromboses of the 
tliebesian veins may occur. In the following two case repoids all of the afore- 
mentioned morphologic changes were present. 

case reports 

Case 1. — 

Clinical Eisiory . — On Jan. IG, 1945, the patient, a 29-year-old white man, was admitted 
to the hospital complaining of hoarseness, pain on swallowing, and persistent cough. In 
March, J.94.S, he had a brief episode of hoarseness. The hoarseness recurred in June, 1944, 
and persisted. In December, 1944, he began to cough and lose weight. The physical examina- 
tion revealed hoarseness and diifuse audible pulmonary rales. A laryngoscopic examination 
showed swelling, infiltration, and ulcerations of both false and true vocal cords. The complete 
blood count, sedimentation rate, and urinalysis were ndthin normal limits. The Kalm test 
for sj'philis was negative. Tiie sputum was positive for acid-fast bacilli. An x-ray film 
of the chest revealed widely disseminated densities throughout both lung fields. Planigraphic 
films showed two small cavities in the left upper lobe. 

The patient was put on bed rest and given a high-caloric, high-vitamin diet. He was 
uncooperative in the maintenance of bed rest and voice rest. His sjTnptoms became pro- 
gressively worse and there was progressive weight loss. He died with manifestations of circu- 
latoiy failure on April IG, 1945, 

Climcal Diagnosis. — Bilateral, pulmonary, tuberculosis, with cavitation in left upper 
lobe; and tuberculous laryngitis. 

Necropsy Abstract . — The left lung Aveighed 1,050 grams and the right Aveighed 1,308 
grams. Both lungs were heavy and firmly consolidated. In the left lung near the medial 
border in the upper lobe there were tA\m caA'ities, each measuring 3 cm. in diameter. They 
contained thin reddish graj' fluid. The Asmlls were thin. On section, the cut surfaces of 
the lungs AAmre everyAvhere studded with innumerable small AAdiite tubercles. These were 
fairly uniform in size, aA’^eraging about 4 mm. in diameter. Most were moderately hard 
and stood out from the cut surface. A feAv yellowish caseous areas AA-ere noted in the apices 
and in the hilar region. These areas measured 1 to 2 cm. in diameter. A few' dense strands 
of grajdsh blue fibrous tissue were noted running through the lung in the same regions. 
A moderate amount of turbid grayish red fluid flowed from the cut surface. 

Received for publication Oct. 13, 1945. 
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The heart was slightly enlarged; its weight was 480 grams. There was distinct 
dilatation of the right side. The epicardiuin was smooth and intact and contained a 
moderate amount of pale yellow fat. The endocardium of the left auricle and ventricle 
was .smooth and translucent. The foramen ovale was closed. The right auricle and 
ventricle were filled with a large soft currant-jelly clot. On removing this clot, numerous 
gray rounded mural thrombi were seen to almost completely line the right ventricle. These 
thrombi were firmly adherent to the endocardium. They were lodged between the trabeculae 
carnae, and their smooth, rounded surfaces projected slightly into the lumen of the chamber. 
A moderate number of similar thrombi, although smaller in size, were found in the right 
auricle. The valves were all normal. The aortic cusps were thin and accurately apposed 
at the commissures. The myocardium presented a normal pattern of fibers. It was pale 
gray red in color. The left and right ventricular walls measured 1.3 and 0.8 cm., respec- 
tively, in thicltnoss. The increase in the size of the heart was mainly accounted for 
by the right ventricular hJ•pertroph 3 ^ The coronary arteries presented clear lumina of 
good caliber in all main branches. Their intimal surfaces were smooth and white. 



Fig. 1.— Case 1. Photograph of right ventricle showing the .mural thrombosis hi tJje 
interspaces of the trabeculae carnae and the thrombosis of a thebesian vein, 

Army Medical Museum, Negative 895S9.) 

On the anterior wall in the upper portion of the esophagus there were irregular ulcera- 
tions measuring 2 to 4 mm, in diameter. The larynx showed marked ulcerations of both 
the true and false vocal cords. The mucosal surfaces were covered with irregular shallow 
ulcerations. Similar ulcerations were present on the posterior surface of the epiglottis. 

Microscopically, the lesions of the lungs, epiglottis, and esophagus all showed the 
typical morphologic changes of tuberculosis. Acid-fast rods ivere easily demonstrated in 
the various lesions. No appreciable sclerosis of the pulmonary vessels was noted. The 
histologic sections through the right ventricle revealed the mural thrombi to be made up 
of areas of platelets mixed with polymorphonuclear leucocytes, alternating uuth areas of 
erythrocytes. A considerable proportion of the erythrocytes was wdl preserved. Thrombi of 
the same structure blocked and massively distended the thebesian veins. Some smaller 
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Fig. 2. — Case 1- Photomicrogi-aph of right ventricular myocardium showing thrombosed the- 
besian vein. (XlOO.) (U. S. Army Medical Museum, Negative 89592.) 
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Fig. 3. — Case 1. Photomicrogi'aph showing widening of the endocardium of the right 
ventricle, fibrinoid change of the connective tissue, and infiltration by polymorphonuclear 
leucocj-tes. (X700.) (U. S. Army Medical Museum, Negative 89590.) 
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I irombi were found in veins deep in the myocardium and even in the epicardium. In manv 
places the endocardium itself was infiltrated with polymorphonuclear leucocytes. Under such 
an infiltrated area, a tlnn laycj- of subendocardial myocardium stained a deep pink, and showed 
pylmotie nuclei. Elsewhere some of the subendocardial muscle fibers were swollen and pale 
staining. There was a diffuse sprinkling of Ij'inphocytes in many areas of the myocardium. 
These were accompanied by occasional polymorphonuclear leucocytes and large mononuclear 
cells. Small foci of these cells were occasionally seen beside blood vessels. Tlie right auricle 
showed the same changes as the right ventricle. The left ventricle showed only .slight swelling 
and vacuolization of the subendocardial muscle fibers. 



Anatomic Diagnosis . — Bilateral pulmonary tuberculosis with cavitation of the left 
Tipper lobe; tuberculosis of the larynx and esophagus; degenerative changes in the endocardium 
of the right auricle and ventricle, with mural thrombi; thromboses of tlie thebesian veins of 
the right auricle and ventricle; hypertrophy and dilation of the right ventricle; bilateral 

lobular pneumonia. 


Gom-meiit . — This case” of rapidly progressive pulmonary tuberculosis was al- 
ready far advanced when medical attention was sought. The patient's terminal 
signs were those of circulatory failure. At autopsy, tuberculosis was found to 
involve principally the lungs and lai-yoix. The right side of the heart was dilated 
and lined vdth mural thrombi. There was fibrinoid degeneration and leneocytic 
infiltration of the endocardium in these chambers. The thebesian veins were 
dilated and freslily thrombosed. Since the imlmonary vessels were normal, the 
dilatation of the heart was presumably the result of a toxic effect of the infec- 
tion on the myocardium. 
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Case 2. — 

Clinical Hisiori /. — Tlie patieiitj a ■i9-year-old white man, was admitted to the hospital on 
Sept. 27, 1943. He had been hospitalized fourteen times for congestive failure. His first 
hospitalization was in 1930, when he graduall.v developed edema, ascites, dyspnea, and 
palpitation. These symptoms were at first mild but gradually increased in severity. Previous 
to his first hospitalization he had been well except for gonorrhea in 1915 and recurrent attacks 
of tonsillitis, the last of which occurred in 1932. At the time of his first cardiac episode in 
1930, after being liospitalized for sixteen weeks, he recovered sufficiently to return to military 
duty. In 1932, symptoms of cardiac decompensation recurred. This time he was given a 
medical discharge after fourteen years of service in tlie Army. Between 1932 and 1940 there 
Avere repeated epi.sodes of heart failure, and hospitalization was required six times during 
this period. 

On admission to the hospital in 1940, his chief complaints were dyspnea and orthopnea 
following an acute upper respiratory infection of seven days’ duration. Physical examination 
revealed a blood pressure of 110/90 and evidence of pulmonary edema. There was a 2 plus 

c. 

albuminuria and a 2 plus pyuria. The blood nonprotein nitrogen was 30 mg. per 100 cubic 
centimeters. A diagnosis of "myocarditis Avith conge.stiA'e heart failure" Avas made. The 
patient Avas treated A\-ith digitalis, rest, and diuretics. He Avas discharged as improved. 

He Avas readmitted to the hospital in October, 1941, complaining of dyspnea, anorexia, 
cramps in the leg muscles, vertigo, aud SA-ncope. The l)lood pressure Avas 102/88. The heart 
AA'as not enlarged. Ho cardiac murmurs or disturbances in the heartbeat AA’ere present. Gastro- 
intestinal roentgenographic studios Avere normal. There Avas a 1 plus albuminuria. The 
diagnoses of generalized arteriosclerosis and mild cardiac decompensation were made. 
He Avas treated for congestive heart failure, from Aviiich he again recovered. He was re- 
admitted to the hospital on Dec. 30, 1941, because of shortness of breath, edema of lower 
abdomen and legs, dysuria, and epigastric distress. There AA-ere no chest pains. Physical 
examination rcA-ealed distended neck A’ein.s, evidence of pulmonary congestion, and slight 
enlargement of the liver. The heart AA'as enlarged, maximum intensity of the apex heart- 
beat being in the sixth intercostal space in the antei-ior axillary line. The pulmonary second 
sound Avas accentuated. There Avas moderate arteriosclerosis j the blood pressure was 120/90. 
In spite of the fact that typical murmurs Avere not heard and in spite of the fact that an 
x-ray film of the chest Avas not confirmatory, a diagnosis of mitral stenosis Avas made. The 
complete diagnosis on discharge svas mitral steno.cis and relative miti-al insufficiency, generalized 
arteriosclerosis, hypertrophy of left A-entricle, first degree auriculoventricular block, myocardial 
degeneration, and myocardial insufficiency. 

The tAvelfth hospital admission for congesth-e heart failure took place on Oct. 10, 1942. 
One examiner reported the folloAving: "This patient is a classical mitral stenosis t.A'pe Avith 
right-sided failure, Avhich goes into decompensation repeatedly." The maximum intensity of 
the apex beat Avas reported in the sixth intercostal space at the anterior axillary line. The 
heart sounds Avere diminished in intensity. The pulmonary second sound was accentuated. 
There Avas a rough, short presystolic murmur in the mitral area, with the suggestion of a 
diastolic murmur at the base of the heart. The heart rate was 72 per minute and the 
rhythm Avas regular. An electrocardiogram shoAved P-R inteiwals of 0.22, 0.26, and 0.24 
second. After digitalization and rest the symptoms of cardiac failure disappeared. 

The patient Avas readmitted to the hospital for the thirteenth time on Dec. 9, 1942, be- 
cause of the recurrence of congestiA’e heart failure. Examination revealed enlargement of the 
liver, ankle edema, distention of neck veins, and arteriosclerosis of the peripheral A^essels. The 
blood pressure Avas 120/70. The electrocardiogram shoAA'ed persistent first-degree auriculo- 
ventricular block, intraA'entricular block, and T-AvaA’e changes indicating diffuse myoeai’dial 
damage. A presystolic apical murmur, loAV-pitched and rumbling, and a high-pitched diastolic 
apical murmur were heard. Enlargement of the left ventricle and left auricle was present. 
The congestive heart failure responded to digitalis, rest ; and diuretics. 

The fourteenth aud last admission took place in September, 1943. Physical examination 
showed the skin to be dry, cool, and slightly cyanotic. There Avas evidence of intr-apulmonary 
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and of pleural flmd, moderate arteriosclerosis, absence of pulsation of the dorsalis pedis 
arteries of both feet, moderate bilateral varicosities, and moderate ankle edema. The blood 
pressure was 108/76. The heart was markedly enlarged to the left, with the maximum intensity 
of the apex beat in the sixth intercostal space at the anterior axillary line. There was an 
apical systolic murmur, soft and bloinng. The neck veins were distended. Slight enlarge- 
ment of the liver was noted. No ascites was present. On this admission albuminuria and 
moderate secondary anemia were present. The electrocardiogram revealed evidence of severe 
nijocardial damage, first degree aurieuloventricular block, and left axis deviation. An x-ray 
film of the chest showed left ventricular enlargement and pulmonary congestion. During this 
atlmission the patient ran the gamut of all phases of congestive heart failure, showing nearly 
every type of cardiac arrhythmia and heart block. He had difficulty in voiding and required 
catheterization. Hemoptysis and leucocytosis appeared during the final two days. He ex- 
pired at 11:05 A.M., Nov. 19, 1913. 

Clinical Diagnosis, Heart disease. (A) Etiological; (a) rheumatic fever, quiescent; 
(b) moderate generalized arteriosclerosis. (B) Structural: mitral stenosis and insufficiency; 
hyjiertrophy and dilatation of left and right ventricles ; myocardial degeneration and in- 
sufficiency; pulmonary infarction. (C) Physiologic: auricular fibrillation; auricular 
paroxysmal tachycardia; A-V and bundle branch block. 

Necropsy Ahstract . — The heart weighed 485 grams. All chambers showed moderate 
liypertrophy and marked dilatation. The right auricle was especially dilated and the great 
A'eins leading into it were distended witli blood. On tlie anterior surface of the left ventricle 
was an irregular milky white plaque about 3 cm. in diameter. The epicardium was otherwise 
smooth and intact; it contained a moderate amount of fat. Adhering to the endocardial 
surfaces of both ventricles, especially between the trabeculae carnae, were numerous mural 
thrombi. Most of these were red and showed fine white layers on section. They measured 
up to 3 cm. in diameter. Some of the thrombi were grayish brown and showed slight central 
softening. Both of the auricular appendages were filled and distended with thrombi. The 
tricuspid valve measured 12.5 cm.; the pulmonic, 8 cm.; the mitral, 10 cm.; and the aortic, 
7 centimeters. The tricuspid leaflets were thin, delicate, and translucent ; the cliordae tendineae 
attaching to them were thin and discrete. The pulmonic valves appeared normal except for 
distinct dilatation of the ring. The mitral leaflets were of normal configuration, thin, and 
delicate; their chordae tendineae were thin and showed no fusions. The aortic cusps were 
thin and accurately apposed at the commissures. The myocardium was brownish red uuth 
a striking yelloAvish gray cast, and of rather flabby consistency. The fibers were poorly defined. 
Scattered through the myocardium were tiny translucent gray areas measuring 1 mm. or less 
in diameter. These Avere located principally in the regions beneath the mural thrombi. In the 
region of the apex, the Avail of the left ventricle was thinned, measuring in places no more 
than 5 millimeters. In this area strands of gray fibrous tissue Avere noted in the myocardium. 
The endocardium over these areas Avas tliick, Avhite, and fibrous. Elsewhere the left ventricular 
AA'all averaged 1.4 cm. in thickness, wliile the right ventricular wall averaged 0.4 centimeter. 
All principal branches of the coronary arteries Avere of large caliber; there Avere no occlusions. 
The AA'alls of these vessels Avere elastic, and their intimal surfaces were AA’hite and perfectly 
smooth. 

Microscopic sections through the mural thrombi shoAved striking degeneration and 
fibrosis of the endocardium and subendocardial myocardium beneath the thrombi. In the 
trabeculae carnae the muscle fibers AA-ere almost completely replaced by loose fibrous tissue 
containing considerable numbers of young fibroblasts. The outlines of groups of muscle fibers 
were represented here and there by fibrinoid material staining bright pink. The fibrous tissue 
was highly vascular and contained numerous large capillaries, which Avere for the most part 
congested. There were many ecchymoses. Numerous large and small mononuclears and pig- 
ment-filled mononuclear macrophages were scattered through the fibrous tissue. There Avere 
a few polymorphonuclear leucocytes. The mural thrombi were densely adherent to this de- 
generate endocardium and subendocardium. The endothelium was entirely destroyed. The 
capillaries and fibi-ous tissue grew from the endocardium into the thrombi at various pomts. 



FLYNN AND MANN : MORPHOLOGIC CHANGES IN CARDIAC FAILURE 


763 



Fig”, 5. — Case 2. Photomicrograph of right ventricular myocardium showing marked 
endocardial fibrosis and hydropic degeneration of the subendocardiai myocardium. (X130.) 
(U. S. Army Medical Museum, Negative 87901.) 



Pig. 6. — Case 2. Photomicrograph of left ventricle showing mural thrombus formation 
and endocardial fibrosis. In the subendocardial myocardium there is an inflammatory cell in- 
filtration and extensive myomalacia witli replacement fibrosis. The islands of surviving muscle 
fibers show marked hydropic degenei’ation. The identity of the thebesian veins is lost in the 
flbrotlc tissue. (X130.) (U. S. Army Medical Museum, Negative 87904.) 
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The thrombi seemed to be of varying ages; gome appeared to be fairly recent. Large groups 
of erythrocytes an various stages of preservation alternated with areas of fibrin and poly- 
raorplioiiuclear leucocytes. In the otlier portions of the thrombi dense strands of condensed 
fibrin threads staining bright pink were noted. Practically all of the trabeculae carnae were 
degenerated. In places other than the trabeculae carnae, tlie degeneration usually extended 
for variable distances below tlie endocardium. Organized thrombi within their lumina had 
converted the thebesian veins into solid cords of fibrous tissue. The coronary arteiies appeared 
to be normal. The muscle fibers elsewhere in the myocardium were in some instances large 
and pale-staining. There appeared to be a distinct increase Tn the number of capillaries; 
many were congested. Sections through the auricles showed their endocardium practically 
covered ndth thrombi, the majority of which were rather recent. The subendocardial myo- 
cardium showed degenerative changes essentially similar to those in the ventricles except that 
the degeneration was present only in scattered areas and involved only a very thin layer of 
myocardium. Sevei'al of the larger myocardial veins contained thrombi, pi esumably the result 
of propagation from the thebesian veins. The remaining findings are listed in the anatomic 
diagnoses. 
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carditis, old or recent. All four chambers of the heart were lined hj- mural 
thrombi shading from red to gray. There was extensive endocardial fibrosis and 
subendocardial liydi’opic^ degeneration. The thebesian veins in these areas con- 
tained completely organized thrombi, maldng identification of the vessels diffi- 
cult. No significant coronary arteriosclerosis ivas present. The heart valves 
were all normal. The etiologj’’ of the heart disease in this case is obscure. Simi- 
lar eases have been asci'ibed, by Dock,i to beriberi. Smith and Furth" reported 
five cases in which there ivere cardiac hypertrophy and dilatation, and fibrosis of 
the endocardium and myocardium vdth mural thrombotic formation not at- 
Iributable to arteriosclerosis, hypei'tension, or valvular heart disease. They 
raised the question as to whether the cardiac findings were associated with a 
deficient diet. In the case reported in this paper the patient was in comfortable 
economic circumstances during the latter part of his clinical course. At the 
onset of his illness he was in the Army, presumably eating at an Army mess. 

> TABULATED CASES 

To determine the relative frequency of endocardial and subendocardial de- 
generation, mui’al thrombi, and thrombosis of the thebesian veins, eight au- 
topsied cases of cardiac failure •which were studied at necropsj’^ were selected 
and the cardiac findings were tabulated. The criteria used in selecting these 
eases were clinical evidence of congestive failure and absence of anatomic evi- 
dence of myocardial infarction. 

The etiolog 5 >- of the cardiac failure in the eight tabulated cases and the de- 


tailed case reports follow : 

Hypertensive heart disease 4 eases 

Rheumatic heart disease 1 ease 

Coronary arteriosclerotic heart disease 2 cases 

Hypertension and coronary arteriosclerotic heart disease 1 case 

Toxic myocardial disease 1 ease 

Beriberi (?) 1 ease 


Special stains indicated that the hydropic appearance is not related to 
glycogen deposition. In four of the cases fat stains showed the hydropic fibers 
to contain finely divided lipid. 

DISCUSSION 

It is to be noted that from an anatomic standpoint these 10 eases have in 
common the anatomic finding of -cardiac dilatation and from a clinical stand- 
point evidence of ventricular failure. In all 10 hearts there was hydropic de- 
generation of the subendocardial myocardium of the dilated ventricle. In nine 
there was degeneration of the endocardium in the foim of either fibrosis oi 
fibrinoid necrosis. In four of these cases there were, in addition to the endo- 
cardial and subendocardial degenei'ation, extensive mural tluombi and throm- 
boses of the thebesian veins. There were no iirstances of thromboses of the 
thebesian veins without mural thrombi or vice versa. The thromboses of the 
thebesian veins are undoubtedly secondai’v to the mural thrombus formation. 

< It is suggested that the subendocardial fibrosis and subendocardial hydropic 
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degeneration are related to incomplete emptjdng of the dilated failing ventricle, 
vritli a resultant intraventricular stasis of blood having a reduced ox^’^gen con- 
tent. It has been established that a narrow zone of the ventricular and intra- 
ventricular subendocardial myocardium is nourished from blood contained 
vdthin the ventricular cavities themselves. Wlien mural thrombi are not pres- 
ent, the subendocardial hydropic degeneration is limited to the naiTOw zone 
usually spared in myocurdial infarction.^ As a result of the circulatory stasis, 
oxygenation and nutrition of the subendocardial tissue are inadequate. The 
inadequate oxygenation and nutrition lieeome manifest anatomically by hydropic 
degeneration and by necrosis and fibrosis of the tissue in this region. Such a 
sequence of events often leads to the formation of mural thromlii and to thrombo- 
sis of the thebesian veins in the involved areas. 

The question of tiie clinical and physiological significance of these related 
phenomena may be justifiably raised although not conclusively answered by 
the data given here. In the second ease report, a clinical and pathologic study 
yielded no adequate explanation of the repeated bouts of cardiac decompensa- 
tion. It seems conceivable that following an initial episode of failure, caused 
perhaps by beriberi or some obscure toxic myocarditis, the heart may have 
been left funetiouallj^ impaired, due to the morphologic changes described in tliis 
report. The correlation between the degree of anatomic valvular or peripheral 
vascular handicap of the heart and the severity of clinical heart disease is often 
not close. It is suggested therefore that these changes caused bj^ intraventricular 
circulatory stasis in heart failure may predispose the heart to further episodes 
of decompensation. 

SUMMARY 

The cardiac pathology of 10 cases of heart disease which were characterized 
clinically by signs of myocardial insufficiency, and anatomically by ventricular 
dilatation, is given. Four of the patients had hypertensive heart disease; one, 
rheumatic heart disease; two, coronaiy arteriosclerotic heart disease; one, hyper- 
tension with coronary arteriosclerotic heart disease; one, a possible toxic myo- 
carditis; and one, possible beriberi heart disease. In all 10 cases there was a 
hydropic degeneration of the subendocardial myocardium of the dilated ven- 
tricle. In nine of the eases there was degeneration of the endocardium, either 
in the foim of endocardial fibrosis or fibrinoid necrosis with or without leuco- 
cytic infiltration. In four of these cases there was, in addition to the endo- 
cardial and subendocardial degeneration, extensive mural thrombi and throm- 
boses of the thebesian veins. The suggested pathogenesis of the afore-mentioned 
alterations is intraventricular circulatory stasis, with inadequate oxygenation 
and nutrition of the portion of tissue normally supplied by blood in the ventricu- 
lar cavity. 

CONCLUSIONS 

1. Endocardial and suliendocardial myocardial degeneration are common 
morphologic alterations in patients dying of congestive heart failure. 

2. Following subendocardial degeneration, mural tlu'ombi and thromboses 
of the thebesian veins may occur. The thromboses of the thebesian veins are 
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secondary to the mural thrombi ; the opposite is not true. These two findings 
are invariably associated. 

3. These morphologic alterations can be explained on the basis of intra- 
ventricular circulatory stasis. 

4. It is reasonable to expect that these morphologic changes further impair 
the function of the heart. 
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VENTTSTCULAR FIBRILLATION 

"With Special Referekcr to the Morgagni- Adaims-Stokes Syndrome; 

Report op an Unusual Case 

Aaron B. Parsonnet, M.I)., Arthur Bernstein, M.D., 

AND Emanuel Klosk, j\[.D. 

Newark, N. J. 

I N 1769 ]\rovsagni first described a case of cardiac syncope with convulsive 
manifestations. This report was followed by similar reports by Adams in 
1827 and by Stokes in 1846. Since these early reports, the slowness of the pulse 
lias been the factor emphasized by most observers." In fact, most textbook 
descriptions limit the term Morgagni-Adams-Stokes syndrome to those cases 
of sjnicope accompanied by slowness of the pulse. The Criteria of the New 
York Heart Association defines the Adams-Stokes syndrome as “that condi- 
tion in which there are attacks characterized by unconsciousness, often ac- 
companied by muscle twitchings, and even general convulsions. 'These attacks 
occur in patients with auriculo ventricular block when the ventricular diastole 
is sufficiently prolonged to result in a severe grade of cerebral ischemia.’ The 
duration and severity of an attack depend upon the length of the ventricular 
diastole.”- The term is not applied to syncope due to other causes. However, 
in spite of this definition and its general acceptance, we feel that the concept 
of Parkinson, Papp, and Evans® is more accurate since the original observers 
had no electrocardiographic studies by which to determine the true cause of 
the bradycardia and the resultant syncope. Certainly another mechanism, 
whicli we shall discuss as a causal factor of the syncopal attack, occurs with 
sufficient frequency to warrant its inclusion in the definition of the Morgagni- 
Adams-Stokes syndrome. 

As a matter of fact, Parkinson and his co-workers,® in a careful review 
of tke literature up to 1941, found that .of 64 cases in which electrocardio- 
graphic studies were made during the unconsciousness of the Adams-Stokes 
attack, almost one-half of the attacks were due to ventricular fibrillation and 
tachycardia and not to ventricular standstill alone. In view of these data, 
it is no longer compatible with fact to state that only instances of auriculo- 
ventrieular or ventricular standstill be included in this syndrome. We feel, 
therefore, that the definition proposed by Parkinson, Papp, and Evans is much 

From the Electrocardiological Department of tlie Newark Beth Israel Hospital, Newark, 
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more applicable and should be generaUy accepted. They defined Stokes-Adams 
disease as "that condition which is seen in patients Avith heart block, who 
suffer from recurrent attacks of loss of consciousness due to A’-entrieular stand- 
still, ventricular tachycardia, A^'entricular fibrillation, or a combination of these.” 
It is imiDortant to bear in mind that in true Stokes-Adams disease, when there 
is Amiitrieular standstill, the auricles continue to beat, Avhereas in other con- 
ditions of cardiac syncope there maj’’ be total cardiac asystole. Thus, this 
definition excludes cardiac s3mcope due to neurogenic or myogenic causes, 
such as Amsovagal reflexes from stimulation of the carotid sinus, paroxysmal 
ventricular tachycardia complicating nodal bradycardia, and seAmre myocardial 
damage such as is seen in certain infections, all of AAdiich residt in attacks of 
unconsciousness simulating Adams-Stokes disease. The absence of heai’t block 
and the eioisodic nature of the attacks readilj" distinguish them from the true 
Adams-Stokes s^mdroine. 

Ventricular fibrillation, Amntricular taehjmardia. and Amnti’ieular standstill 
have usually been described in conjunction Avith the agonal phenomena of the 
dying heart.^ Onlj’- rarely have such arrhjdhmias been recorded in patients 
Avho haAm surAuved for any length of time. To date, onlj'- 28 such cases haAm 
been recorded, 13 of Avhich shoAved ventricular tachycardia and A’-entrieular 
fibrillatio 2 i only, AAnthout cardiac standstill. The reason for such paucity of 
clinical material is obvious; A’-entrieular fibrillation is usuaUj’- fatal, so that a 
study of this arrhjffhmia in the Ihdng is exti’emely rare and therefore ahvays 
AvortliA’ of careful observation and analj’sis. The mechanism for the produc- 
tion of A’entricular fibrillation suggested by Wiggers® is as folloAvs; A pre- 
mature systole appears during the vulnerable period of earlj^ diastole or late 
sj’-stole Avhen certain elements of the cardiac synej’-tium have passed out of 
their refractory state. The impulse thus set up Avill Aveave its Avay through 
nonrefractory mj’-ocardial tissue to form a small AvaA’-e front from Avhich 
daughter excitation -waAms pass out oA’-er large portions of the myocardium. 
Then by the phenomenon of re-entry, smaller blocks of myocardium develop 
an independent excitation. The anoxia caused by incoordinated A’-entricuIar 
contractions causes failure of the coronaiy blood floAv, which further sIoavs 
conduction in the cardiac sjmcytium, decreasing fractionate coJitraetion even 
more. This establishes the Amntricular fibrillation. 

ScliAvartz® diA'ided recurrent ventricular fibrillation into (three stages. The 
first he designated as the prefibrillatory, the second as the fibrillatoiy, and 
the third as the postfibrillatory period. In the first stage there is an accelera- 
tion of the ventricular rate, Avith many extrasystoles of multifocal oiugin. The 
fibrillating stage shoAvs a high rate of bizarre ventricular complexes appearing 
in irregular fashion. In the third stage there is a variable degree of ven- 
tricular standstill foUoAAmd by ventricular tachycardia before the restoration 
of the basic ventricular rhythm. In this connection, it is worth mentioning 
that in 1937 Borg and Johnson" reported a case of a 26-year-old man Avith 
syncope ; they found that there Avas a stage of arrhythmia preceding uncon- 
sciousness. though no ventricular fibrillation occurred. In this patient the 
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prefibrillatory period was followed directly by Yentricnlar standstill. This 
case serves to point ont tlie facts tliat, altliongli the three stages of Schwartz 
should be kept in mind, they are not absolute and that many cases do not 
conform to this classification, even though they are undisputed instances of 
Adams-Stokes disease. Moreover, the mere appearance of an arrhythmia prior 
to syncope does not necessarily mean that the sjnieope must be due to ven- 
tricular fibrillation, for it may also be caused by ventricular standstill alone. 

In this brief discussion of the mechanism of ventricular fibrillation in 
Adams-Stokes disease, it will be of practical benefit to point out also the other 
conditions Avhich may be instrumental in producing the sjmdrome. Cowan 
and Ritchie,® in a review of 78 cases of complete heart block, found that only 
one-third showed the Adams-Stokes syndrome. Graybiel and White,® in their 
report of 72 cases of complete heart block, showed that only 44 had bouts of 
Adams-Stokes disease. Therefore complete heart block is not the only factor 
essential to the production of the sjnidrome. Both Scherf,^® in the German 
literature, and Parkinson and his co-workers,® in the English, divide the pa- 
tients showing Adams-Stokes syndrome into three main groups. In the first 
group, the s;^uicope is caused by ventricular tachycardia with resultant insuffi- 
cient diastolic filling. The length of time before syncope vdll occur depends 
on the strength of the myocardium and the state of the arterioles at the time. 
In the second group, the symptoms ai*e due to ventricular asystole which re- 
sults from the failure of the ventricle to take over and establish its idioven- 
tricular rhythm. As we have previously mentioned, when this mechanism is 
active, it is difficult to determine by clinical method whether the asystole is 
of neurogenic or myogenic origin. In the third group, syncope is the result of 
' a combination of ventricular tachycardia, ivitli a subsequent period of ven- 
tricular asystole. 

In most of the cases reported in the literature, the patients are among the 
older age group. This further emphasizes the fact that the state of the myo- 
cardium and the patency of the cerebral blood vessels play a definite and 
important role. As we have previously mentioned, the only recorded case in 
the younger age group is that of a 26-year-old man. reported by Borg and 
Johnson." 

W^'e had the good fortune to observe a patient vdio suffered an attack of 
syncope produced by a combination of A^entricular tachycardia, ventricular 
fibrillation, and ventricular standstill. W'e were able to record electrocardio- 
graphically the entire attack. Since only fifteen such cases are on record, this 
case has theoretical and clinical interest. 

CASE REPORT 

A. S., a 73-year-old -white housewife, "was admitted to the Newark Beth Israel Hospital, 
Dec, 11, 1943, folloudng an attack of sjuicope. The past history was negative except that 
the patient had had two previous attacks of sjmcope. Five years before she had suffered 
her first attack when the door of a subwaj' train closed upon her. Three years before our 
studies, the patient, who was an ardent horse race fan, suffered an attack of syncope as 
she was leaving the Belmont Race Track. 
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Fig. lA. 

Figs. lA, IB, IG, and lU.— This is a continuous tracing, taken entirely on Lead III, dur- 
inff the patient's period of unconsciousness. Since it was started a few moments after the 
natient developed syncope, the presyncopal period is not recorded. . 

There is a period of ventricular fibrillation (Strips J and 2), followed by a short period 
of ventricular tachycardia (Strip 3). Ventricular standstill of G0.8 seconds is then seen (Strips 
i to 9). The auricles continue to function during the entire ven^’icular standstill at the rate 
of 32 beats per minute. A few idioventricular beats then occur, followed by ventncular beats 
from various foci (Strips JO and 11'). A period of pseudobigeminy, as a result of bidirec- 
tfo^li^mnleves is Alien seen followed by so-called “chaotic heart action," in which inulhple 
ventrLSlS- focf' produce fdloVentricular beats of varied contour (Sti-ips 12 to 22). This 
a??hvthmia coSinues until the basic complete heart block appears for a short time (Stnp 23). 
Theif ventricular tachycardia interspersed with heart block recurs (Strips 2/, and -5). Finallj, 
the heart block is re-established as the dominant rhythm (Fig. II?). 
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Her present illness dates back to Dec. 11, 1944, when the patient was found uncon- 
scious, in the street, in front of the office of one of the authors. Slie was in a completelj- 
unconscious slate. Her face was cj^anotic and flushed, and the pulse and heart sounds were 
unobtainable. Ho localized neurological signs could be elicited on cursory examination. 



• .• J 
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Fig:. IB. — (Fo?' legend see Fig. lA.) 

After several minutes, the patient vomited several times and developed clonic muscular 
twitchings involving both upper and lower extremities. During the ambulance ride to the 
hospital, she regained consciousness. Upon arrival at the hospital, her mind partially 
cleared, but she was thorouglfly disoriented as to time and place and rambled vociferously. 




ID. — (For legend see Fig. 
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PIiTsical examination revealed that the patient looked her stated 73 years of age. 
She could lie flat in bed. She was pale, rather than cyanotic. The pupils were equal and 
reacted to light and accommodation. The external ocular muscles were normal, the fundi 
showed an increased silver wire effect with prominent A-V nicking, the discs were nega- 
tive, and there were no hemorrhages or exudates. The examination of the nose and ears 
was negative. The mouth was moist and clean. The pharynx was negative,- the tonsils 
were small and imbedded. The neck veins were not distended. There was no Ij-mph- 
adenopathy and no thyroid enlargement. The chest was clear. The point of maximum 
impulse was located in the flfth intercostal space outside of the midclavieular line. The 
heart sounds were of good quality; a third heart sound, heard between two normal beats, 
was interpreted as being due to auricular beats. A- was greater than P,. There was a 
loud, harsh, long systolic murmur at the apex, transmitted to the anterior axillary line; 
another systolic murmur, somewhat softer, was heard at the aortic area. The pulse rate 
and ventricular rate were 42 per minute. The blood pressure was 180/60. The liver, kid- 
neys, and spleen were not felt; there was no tenderness nor rigidity, and no palpable 
masses in the abdomen. The examination of the extremities showed marked Heberden’s 
nodes, but no cj-anosis, edema or clubbing; peripheral sclerosis was present. On neuro- 
logical examination, the deep reflexes were equal and active; no pathologic reflexes were 
elicited. 



Fig. 2. — ^Ti’acing taken the day following, when tlae patient was apparently in her nor- 
mal state. The rhythm is a two-to-one neart block with a nodal escape beat seen in Lead I. 
The abnormalities noted are inverted T waves in Leads I, II, and IV, with left axis deviation. 

The clinical diagnosis was arteriosclerosis and lnq)ertension, enlarged heart, mitral 
insufficiency, dilated aorta vdth complete A-V heart block, and Adams-Stokes syndrome. 

The patient was placed on phenobarbital, % grain four times daily, and papaverine, 
1^2 grains three times daily. She remained mucJi quieter and had no convulsive or syn- 
copal episodes. 

On Dec. 12, 1943, she was taken to the electrocardiographic department. When the 
electrodes were applied, she suddenly turned a cadaveric white, the respiration ceased, the 
heart sounds became inaudible and the pulse imperceptible. The patient made a few gasp- 
ing respiratory movements, and the pupils dilated. During this time, sphincter control 
ceaspd and she became incontinent of urine and feces. A continuous tracing of the events 
in the heart, during this whole einsode will be found in the accompanjdng electrocardio- 
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grams (Fig. 1). Soon the face of the patient became suffused and cyanotic, there were 
some deep, sporadic respiratory movements, and the patient gradually returned to con- 
sciousness. During the ensuing three days the patient had several further seizures, each 
following the same general pattern. Fig. 2 illustrates the rhythm on the third day when 
the pulse was 40 per minute. After these episodes, she remained free from attacks, and 
her mind returned to normal. On the seventh day she refused to staj' in bed and insisted 
on going home. She was discharged at her own risk. 

Following these eiiisodes, the patient has consistently refused medical care of any 
kind. She is perfectlj' rational, does her own housework, and will not permit further elec- 
trocardiographic studies to be made. Eighteen months have now passed since the first 
tracing was taken, and the patient has returned to full activitj'. Eecently she was ob- 
served lifting bundles of paper averaging more than 20 pounds each. 


DISCUSSION 

A number of investigators have recorded eases of ventricular fibrillation, 
both in Adams-Stokes disease and in the dying heart. These reports emphasize 
the fact that ventricular fibrillation is rarely seen in the Adams-Stokes syn- 
drome, unless the basic rhythm is some degree of heart block. Furthermore, 
the time when ventricular fibrillation is most apt to occur, is during the tran- 
sition from partial to complete A-V heart block. However, this is not an 
inflexible rule, since eases have been recorded in which a patient with partial 
heart block has developed ventricular fibrillatio]i without ever having reached 
a stage of complete auriculoventrieular dissociation. 

Instances of Adams-Stokes disease, which occurred during acute myocar- 
dial infarction following coronary occlusion, have been reported. Beckwirth” 
recorded three such eases which demonstrated different underlying mecha- 
nisms. Complete heart block was present in one ease and paroxysmal ven- 
tricular tachycardia in another; both conditions were present in the third. 
In none of the tlmee patients were the syncopal attacks registered electro- 
cardiographically. 

Experimental ventricular fibrillation may be induced by ligation of one 
of the coronary arteries ; it is therefore felt that this arrhythmia may be re- 
sponsible for sudden death in acute myocardial infarction in the human subject. 
It is believed that afferent impulses from the infarcted area give rise to reflex 
coronary spasm by way of the vagi. This results in myocardial anoxia which 
may initiate the premature contractions that lead to fil)rillation. It is interest- 
ing that Smith, klcEachern, and HalP- found that the mortality rate from 
sudden occlusion of the left coronary artery in normal dogs could be reduced 
from 75 per cent to 50 per cent by the administration of quinidine. Death 
in these animals was usually due to ventricular tachycardia, followed by ven- 
tricular fibrillation. Quinidine seemed to prevent much of the pain of the 
occlusion. It is interesting to note that when quinidine was used instances 
of ventricular tachycardia and extrasystoles were more frequent, though there 
were fewer cases of ventricular fibrillation. 

The prognosis, at best, is uncertain. Such patients usually have had ad- 
vanced arteriosclerotic heart disease Avith marked coronary arteriosclerosis 
and myocardial fibrosis, and rarely survive more than a few months after an 



PARSOKET ET AL. : TEXTRICULAR FIBRILLATION 


(11 

attack. Our ease is unique in that the patient is still acth'e eighteen months 
after the recorded seizure and probably five or six 3’'ears following the initial 
attack. 

It maj^ be pertinent to discuss the various forms of treatment suggested 
for this condition. IMany ^^ears ago barium chloride was recommended as the 
drug most likelj’^ to prevent Adams-Stokes sjnieope. However, Parsonnet and 
H3’’mand''’ in a carefully’- controlled experimental stndj'' concluded that this 
drug was of no value. The use of adrenalin or ephedrine has been proposed 
because these drugs are such powerful cardiac stimulants; unfortunate^, their 
true value in the therapy’’ of this condition is not veiw clear. There is some 
evidence to show that in chloroform ane.sthesia the administration of adrenalin 
ma3', in itself, induce ventricular fibrillation.^^ Ephedrine, too, because of its 
irritating effect on the m^’oeardium, may be a dangerous drug in spite of the 
fact that theoretically it should prevent ventricular standstill. Quinidine sul- 
fate lias been used proph^dacticallj’- in an attempt to prevent some of the 
arrj’-thmias, espeeiallj' the extrasystolic ones, and thus forestall ventricular 
fibrillation. The experiments on dogs bj’' Smith and his collaborators^^ are 
especially suggestive. Howevei-, quinidine, in excess, pi'oduces ventricular 
fibrillation in the experimental animal. More recentl3^ Katz^' suggested the 
use of papaverine in lai’ge doses. Experimentally, at least, this drug has been 
found effective in both stopping and preventing ventricular fibrillation. From 
the previous consideration, it is evident that of the drugs suggested, the ideal 
one for the treatment of Adams-Stokes disease, or the component arrythmias 
that produce it, has not j’^et been found. Until a bettei* drug is found, there- 
fore, papaverine in large doses, or perhaps quinidine. is the remedj’^ of choice. 

The report of this case helps to summarize the knovni facts on the Morgagni- 
Adams-Stokes syndrome, as well as on ventricular fibrillation. The patient 
was a woman, 73 years of age, when first seen. However, the condition must 
have been present for at least five years, in view of a clear-cut history of 
sjnieopal attacks five and three j^ears prior to hospital admission. The ob- 
served attack did not demonstrate very clearlj'- the three stages suggested bj" 
Schwartz ; Ave were unable to record the so-called prefibrillatoiy period in our 
tracings. HoAvcAmr, this stage may haA'e been of such short duration that it 
Avas not obserA’^ed before the onset of s^mcope. On the other hand, that the 
sjmcopal period folloAved the rathei- typical course pointed out by Parkinson 
is clearty demonstrated in the tracings. Ventricular fibrillation Avith a rapid 
rate Avas folloAved by a period of rapid ventricular tachj’-eardia AAdiich Avas 
folloAved b}' another short period of A^entricular fibrillation and, fiiialty, bj' 
A'eiitricular as.vstole. The auricles continued to beat during the entire period 
of A'-entricular asj'stole AAdiich, in this particular seizure, lasted for one full 
minute. The longest period of asystole thus far recorded is seA’^enty-nine 
seconds.^® In our case, the as5’’stolic period Avas folloAved by A^entrieular tachy- 
cardia AAdth idioA^entricular beats and multifocal extras^^stoles. Finally, a run 
of ectopic beats AAdth bidirectional complexes appeared, and the heart rate 
sloAved enough so that, A\dien consciousness returned, the rhythm reverted to 
the heart block, AA^hich Avas originally present. 
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In the treatment of the condition, the only drug used was papaverine in 
large doses. It is difficult to say whether or not this contributed to our 
patient’s recovery, since she recovered from her previous attacks without 
medication. During the past eighteen months she has taken no medication 
and apparently has had no further seizures. 

It is important from a prognostic point of view to discuss the question 
of longevity in such cases. 'In the series of 56 patients reported by Parkinson 
and his co-workers, there were 15 ivith ventricular standstill alone. Five of 
these died during the attack and seven lived and were free from seizures for 
from three months to four and one-half years after the onset of Adams-Stokes 
disease. The remaining three of the series died of noncardiae causes. Of 20 
cases similar to our own, 15 patients died during the attack and five died 
within a 3 >'ear after discharge. Only four of this group were alive after three 
to ten months. 

Based upon the previous data, the prognosis in cases with very rapid ven- 
tricular taclijmardia and fibrillation is immediately grave. H'owever, if the 
patient recovers from the initial syncopal seizure, the life expectancy is about 
one year. Our patient has survived for 18 months after the one attack which 
was graphically recorded, and has probably lived now for six years since her 
first syncopal seizure which we assume to have been similar in character to the 
attack which we recorded. 

SUMMARY 


1. "We have discussed the definition of the condition known as Adams- 
Stokes disease, or the Morgagni-Adams-Stokes syndrome. Based upon the 
review of the literature, we feel that the Adams-Stokes syndrome should in- 
clude not only cases of ventricular standstill with loss of consciousness, but 
also those of syncope due to ventricular tachycardia or ventricular fibrillation. 

2. An instance of this condition is reported which is unusual in that the 
patient lived six years, which is much longer than most patients liver after 
the onset of syncope. 

3. The varied methods of treatment are briefly summarized and found to 
be inadequate. At the present -time, quinidiue and papaverine seem to be the 
drugs of choice. 
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ADDENDUM 

April 15, 1946: This patient is still alive and able to carry on her daily 
routine as a housewife, two j^’ears and four months after the recorded attack. 
She refuses, however, to permit further study. 



. FATAL CORONARY FAILURE WITHOUT INFARCTION- 

REPORT OF A CASE 

Major J. S. York, M.C., and Captain John W. Bell, jM.C. 

Army of the United States 

rpOR many years it has been taught that coronary artery disease primarily 
1 affects patients in middle life, but that it may occur infrequently in younger 
people. It has become apparent, however, that the incidence of coronary artery 
disease in young people is greater than is generally realized. It is possible 
that^ in many cases of coronary artery disease in young people Avhere certain 
significant symptoms are present, the physician may be misguided in his diag- 
nosis or may be lulled into a false sense of security solely because of the youth 
of the patient. In many eases severe disability or even fatality may result. 

REPORT OF CASE 

Eislory . — A 25-year-old white man Avas admitted to the Station Hospital at 10:45 a.m., 
on Feb. 7, 1945, in a semicomatose state. He AA'as disoriented, cyanotic, and apparently in 
moderate shock. Approximately tAA-o hours after admission, Avhen he was able to speak, he 
stated that he was Avell until one-half hour before admission, when he felt a pain around 
his heart, associated AA-ith some shortness of breath. These sjnnptoms became progressLety 
more severe, until he felt that he had to lie doAvn. The last thing he remembers was 
stretching out on the ground outside the building in Avhich he was working. Within a few 
minutes he was found, unconscious, by seA’^eral of his fellow AA-orkers. He was bleeding 
from the nose and showed marked blueness of the hands and face. His t^ulse was said to 
be imperceptible'. The breathing was described as A-ery shallow, quickly becoming rerj* 
irregular and weak. The blueness of the face and hands increased. After the adminis- 
tration of artificial respiration breathing impi-oA-ed considerably and the patient AA-as brought 
to the hospital. 

The history rcA'caled that the patient had been a mechanic in ciAulian life, and was 
inducted into the Service in February, 1942. He smoked cigarettes moderately, drank a 
large amount of beer, and occasionally went on an alcoholic bout. He did not take any 
drugs. His father, mother, and one sister were IHung and well. An uncle on the paternal 
side had died of a heart attack at the age of 40 years. There AA-as no other history of 
chronic or familial disease. He had had the usual childhood diseases, but no other illnesses 
except infrequent upper respiratory infections. He denied any A-enereal disease. He also 
stated that beginning approximately one month prior to this episode of fainting he noticed 
pain in the chest, localized under the breastbone, which occurred only following or during 
exertion, such as walking, physical training, or hear-j- lifting. He described the pain as 
a cramping sensation similar to muscle cramps. There was no radiation and the pain was 
definitely relieved by rest. He could not recall experiencing any attacks of pain while at 
rest. Although for two weeks prior to admission to the hospital, he was unable to keep up 
with his physical training periods because of the quick onset of this cramping sensation, 
he did not seek medical adA-ice. He also stated that he had felt vague pains through his 
arms and legs during the month preceding admission. These pains Avere not related to the 
chest pain or to activity. 

Physical Examination.— On admission the patient was disoriented, confused, and very 
anxious. He was stocky and heavyset. His height was 71 inches, and his AA-eight was 180 
pounds. His skin was cold and clammy; there was moderate cyanosis of the lips, face, and 
nail beds. The pupils Av-ere widely dilated and reacted sluggishly to light. There Avas 
evidence of fresh bleeding from the nose. The mouth and throat were normal. There was 
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no neck rigidity and no enlargement of the cervical nodes or of the thj^roid. The lungs 
were essentially normal. The heart was not enlarged; the rhythm was regular and the 
rate was 74 heats per minute. The sounds were of good quality and no murmurs nor fric- 
tion rub were heard. Tlie blood pressure was 1.30/7S. The abdomen was normal. There 
was incontinence of feces. The musculoskeletal system was essentially normal, and all re- 
flexes -were present and equal, bilaterally. There was no impairment of any of the 
cranial nerves. 





Fig. 1. — Electrocardiogram taken four hours after first episode of syncope. 


Cmirse . — Within two hours after the acute episode, the j)atient was feeling much bet- 
ter but still complained of a slight pain in the chest, substernally. The temperature, pulse, 
and respirations Avere all normal. The skin Avas warm, there Avas no evidence of cyanosis, 
and the initient Avas well oriented and rational. An electrocardiogram (Fig. 1) taken at 
this time rOAmaled a regular sinus rliythm, a rate of 88 beats i)er minute, a deep S,, and 
inversion of Tj. The electrocardiogram aa'us interpreted as being Avithin normal limits. 
The patient Avas kept on absohite bed rest and giAmn phenobarbital, grains, at bedtime. 
On Feb. 8, 194.5, the day foIloAving the acute episode, he complained of a persistent, mild 
substernal pain. This symxotom recurred on several occasions during the following weeks. 
It Avas noted at this time that the patient had a ratlier large conjunctival hemorrhage in 
the right e3'e. The external ocular muscles, A'ision, and fundi were found to be normal. 
The blood pressure Avas 146/78. All reflexes Avere present and equal. There was no eAu- 
dence of anj^ neurological pathology and no derangement of the cranial nerves. The patient 
remained on complete bed rest from Feb. 7, 1945, until Feb. 20, 1945. During this period 
the temf)erature remained consistently" normal. The white blood count, taken on Feb. 8, 
1945, revealed 8,200 Avhite blood cells, Avith 52 per cent polymorphonuclears, 44 per cent 
lymixfliocj'tes, 2 eosinophiles, and 2 monocj'tes. The sedimentation rate was 7 mm. in one 
hour. On Feb. 13, 1945, the test reA’ealed 7,400 AA-hite blood cells, AA-ith 50 per cent poly'- 
morphouuclears, 48 per cent Ij’mphocj'tes, and tAvo eosinophiles. The sedimentation rate 
Avas 6 mm. in one hour. The Kahn test for sj"philis was negatiAm. The electrocardiogram 
taken Feb. 12, 1945 (Fig. 2), AA"as interpreted as being Avdthin normal limits. In the ab- 
sence of physical or laboratoiy findings of myocardial injuiy, the jAatient was allowed to 
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increase liis activity gradually, and to get out of bed on Feb. 21, 1945. On Feb. 25 1945 
he was given a two-hour pass to visit his barracks. He returned within a short time' 
stating that he had had to stop and rest three times in a distance of approximately two 
blocks because of precordial pain. The patient was again put on bed rest. At 7 a.m. on 
March 4, while still in bed, he complained of severe substernal pain, and in a few minutes 
went into acute circulatory collapse. He was given oxygen and % grain of morphine, intra- 
venously, but did not improve. He developed a gallop rhythm and expired thirtv minutes 
after the onset of the precordial pain. 



Pis'. 2. — ^Electrocardiogram taken Feb. 12, 1945. 


Necropsy. — ^Post-mortem examination revealed that the abnormal findings were con- 
fined entirely to the heart and aorta. A considerable fatty layer over the-pericardial sac 
was cut through and the heart was exposed. There was a normal amount of clear yellowish 
fluid within the pericardial sac. The heart appeared to be of normal size, and weighed 
380 grams. The right ventricle was relaxed and flabby; the left ventricle was firm and 
moderately contracted. The epicardium was smooth. The relationship between the mus- 
culature of the right and left ventricles was normal. Upon opening the heart several small 
clots which were not adherent to the endocardium were observed in the left ventricular 
chamber. The endocardium throughout both ventricles appeared smooth and glistening. 
The papillary muscles were normal. There was mo evidence of old or recent myocardial 
scar formations. All the valves were found to be smooth and free. In the first portion of 
the ascending aorta a moderate amount of soft, atheromatous plaque formation was present 
on the wall of the vessel for a distance of approximately 2 inches above the valve. These 
plaques extended into the mouth of the left coronary artery. On opening the left coronary 
arteiy, an organized yellowish white thrombus was found, firmly' adherent to the wall and 
extending from the mouth downward for a distance of approximately 1% inches. On 
peeling away this thrombus, considerable arteriosclerotic changes were observed in the 
endothelial lining of the coronary artery. It was impossible to pass a very fine probe into 
the artery because of the thrombus. The right coronary artery was patent and free 
throughout, allowing free passage of the probe, but, when the artery was opened there 
were observed, for a distance of approximately 2 inches from its mouth, scattered small 
areas of endothelial arteriosclerotic changes. Microscopic examination revealed no evi- 
dence of myocardial damage, either old or recent. 
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DISCUSSION 

This report concerns a 25-year-old white man whose history indicated that 
he had had angina pectoris for appi-oximately four weeks, and then developed 
a sudden episode of syncope, from which he recovered quickly. The physical 
findings were essentially normal. After this acute episode he continued to 
have angina pectoris at rest (decubitus) for another four Aveeks and died 
suddenly one morning Avhile in bed. Fi*ench and Dock^ state that more than 
100 fatal cases of coronary arterial disease occurring in young soldiers be- 
tween the ages of 20 and 36 years liaA’^e been reported since the begimiing of 
the Avar. In their excellent survey coA’^ering 80 such cases, they concluded 
that the basis of the coronary artery disease in all cases Avas arteriosclerosis. 
There Avas no predilection for any race or national origin; presumably the 
most striking predisposing factor Avas OA'^eiweight, Avhich Avas present in 91 
per cent of the subjects. Our patient shoAved definite arteriosclerotic disease 
AA'’hich iiwolved both coronary arteries and also the ascending arch of the aorta. 
He was approximately 20 pounds OA'^eiweight. Another interesting finding 
reported by French and Dock^ in their series of 80 fatal cases Avas that recent 
myocardial infarction Avas demonstrated in only 15 of these cases. Fibrous 
myocardial scars AAuth or Avithout fresh necrosis Avere found in 39 cases. As a 
.result of these findings, they ])ostulated that coronary arteriosclerosis, or coro- 
nary occlusion AAdthout myocardial infarction, is the cause of death in younger 
men more frequently than in older patients. The post-mortem examination 
of our patient shoAved no evidence either grossly or microscopically of myo- 
cardial scars or recent infarction. It is Amry likely that, rather than true 
myocardial infarction, in a significant number of cases of coronary artery 
disease, myocardial ischemia, resulting in an abnormal cardiac rhythm, prob- 
ably Amntricular fibrillation, is the mechanism causing death. 

The pathologic findings in our case admirably fit the concepts and con- 
clusions promulgated by Blumgart and his co-Avorkers.^ They found that 
complete coronary occlusion, or considerable narroAAdng of one or more coro- 
nary arteries^ may exist Avith no eAudence of myocardial infarction. This could 
only be true if the occlusion proceeded sloAAdy, alloAAdng sufficient time to elapse 
for the formation of an adequate collateral coronary circulation. They also 
shoAved that 47 patients suffering primarily from angina pectoris, AAdthout evi- 
dence of valAUilar disease or arterial hypertension, had old complete occlusion 
of at least one major coronary artery at post-mortem examination. In our 
case, the history of true angina pectoris four Aveeks prior to the first episode 
of syncope strongly suggests a sloAAdy progressing occlusion of the coronary 
artery. 

It is of interest to speculate about the episode of syncope Avhich brought 
the patient to the hospital and Avas folloAved by a fiAm-Aveek period of angina 
pectoris at rest. It is probable that the coronary occlusion resulted in a high 
degree of coronary insufficiency, but not in enough coronary insufficiency to 
produce a gross myocardial infarction. Myocardial ischemia resulting from 
the high degree of coronary insufficiency may Amry Avell liaA'-e brought on an 
abnormal cardiac rhythm resulting in syncope and finally in death. White 
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anc his associates,’'* in their study of 497 eases of angina pectoris, reported 
that in 47 cases tiie average duration of life after the onset of angina at rest 
was^ 2.8 years.^ They ivrote; “Coronary heart disease, whether shown by the 
angina^ pectoris of temporary coronary insufficiency or by myocardial infarc- 
tion with subsequent scai'ring, is actually . . . , in the majority of cases, an 
acute or subacute rather - than a chronic disease. This conception ... is a 
vital one, of tremendous significance both in prognosis and treatment. . . 
The natural tendency of the heart to establish an adequate collateral coronary 
circulation is the answer.” 

The eleetroeai’diograms deserve brief mention. The first, taken four hours 
after the syncopal attack, at a time when the patient seemed to be completely 
recovered clinically except for mild residual, preeordial pain, showed only a 
deep. Sj and ah inverted T 3 . There was no evidence of RS-T depressions or 
of inversions of the T wai'e in more than one lead, as would be exiiected in a 
diagnosis of coronary insufficiency. The second electrocardiogram, taken five 
days later, showed a small diphasic T.t and a decrease in the amplitude of S, 
from 5 mm. in the first electrocardiogram to 2 mm. in the second. We do 
not feel that these changes wam-ant an electrocardiographic diagnosis of coro- 
nary insufficiency. Stewart and Manning,’' in a detailed analysis of electro- 
cardiograms taken on 500 members of the R. C. A. P. Air Creiv, state that 
in 432 an S, with a mean am]ilitude of 2.8 mm. was present, and that in 140 
of the cases there was a negative or diphasic T,. It is unfortunate that our 
instrument was out of order when we wished to have the patient undergo an 
exercise test. It is quite possible that an electrocardiogram taken immediately 
after exercise would have shown evidence of the coronary insufficiency. 


SUMMARY 

1. Coronary artery disease probablj^ occurs more frequently in young per- 
sons than is generally supposed. 

2. Both clinical and electrocardiographic findings may be normal. 

3. The onset of angina iiectoris of effort is the most important single 
prodromal symptom and should be given careful consideration. 

4. A youthful age should not lull the physician into a false sense of 
security. 

5. With the onset of angina pectoris the patient should be considered as 
acutely or subacutely ill. and so treated as to allow the heart to establish an 
adequate collateral circulation. 

Grateful acknowledgment is made to the Army Museum of Pathology, Washington, 
D. G., for tlieir pathologic studies on the heart in the case repoited. 
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THE AVOLFF-PARiaNSON-WHITE SYNDROME IN ASSOCIATION 
WITH CONGENITAL HEART DISEASE : 

COARCTATION OP THE AORTA 

Report of a Case 

Jerome W. Bodlaxder, M.D. 

Los Angeles, Calif. 

E lectrocardiographic evidence of a short P-R interval and bundle 
branch block has been reported in the literature since 1915.^ In recent 
years, this sjuidrome has lieen recognized and repoi-ted more and more fre- 
quently. Doubtless, numerous cases have never been reported. Wolff. Park- 
inson, and White^ concluded that this syndrome consisted of functional bundle 
In-anch block and an abnormally short P-R interval occurring with paroxysms 
of tachycardia in otherwise healthy people, llunte]’, Papp, and Parkinson^ 
reported 19 cases of their own and reviewed the 90 previously reported cases. 
They found that 18 of these patients and three of their own had cardiac dis- 
ease which was considered incidental. The heart disease reported in associa- 
tion with this syndrome may be classified under the following etiological head- 
ings: rheumatic (mitral and aortic disease), syphilitic, hypertensive, arterio- 
sclerotic (coronary), and thyrotoxic. Coexisting congenital heart disease has 
apparently not been reported. 

Mention has been made as to the age at which this sjnidrome of short 
P-R interval with bundle bi-anch block has occurred. The youngest iiatient 
on record in whom the syndrome occuri-ed was a boy, years old. This case 
was reported bj^ HamburgeF in 1929. 

This report includes the following unusual features: (1) The patient 
whose case history is recorded is apparently the youngest patient in whom 
the Wolff-Parkinson-White syndrome has been reported. (2) It seems likely 
that this is the first instance in which coexisting congenital heart disease has 
been recorded. 

CASE report 

The i^atient was a white male child horn on iJay S, 1942. The family history yielded 
no evidence of cardiovascular disease. The child was delivered normally at term and 
weighed 7 pounds, 8 ounces. Nothing abnormal was noticed in the nursery at the hospital 
during the first ten days of his life. When the child was 4 weeks old, he developed an 
acute upper ‘ respiratory infection and was referred to a pediatrician for care. Examina- 
tion at that time revealed a heart murmur. A roentgenogram of the chest was taken, and 
the mother was told that the child had an enlarged heart which was due to a congenital 
heart defect. The child made an uneventful recovery from the respiratory infection. On Aug. 
14, 1942, another roentgenogram of the chest (Pig. 1) showed marked cardiac enlargement. 

Prom the Department of Internal Medicine, St. Vincent’s Hospital, Los Angeles, Calif. 
Received for publication July 5, 1945. 
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The child remained perfectly well until Aug. 22, 1942, when, at the age of 14 weeks 
he had a spell in which he “became pale and acted as if he were in a half-faint; his heart 
was pounding and he was blue around the mouth. “ Hospitalization was recommended 
and on admission at 6 p.m. the child was noted to be dyspneic, pale, slightly cyanotic, and 
covered with a cold sweat. The apex beat was regular but very rapid and uncountable. 
There was a loud systolic murmur at the second intercostal space parasternally. There was 
also a systolic murmur at the apex, not transmitted. The blood pressure was 98/82 in the 
right arm and 110/84 in the left arm. Tire liver uas IVa linger breadths below the ninth costal 
cartilage and was soft. There was no edema. At 8:30 p.sr. the child looked better. His 
color was good, and there was no dyspnea. The heart rate was 147 per minute. There was 
a moderate blowing systolic murmur at the pulmonic area and a slrght systolic murmur 
at the apex. The heart size was described as “huge." The following diagnosis was made: 
(1) paroxysmal tachycardia, and (2) probable congenital heart disease. 



E.g. 1. — ^Routine roentgenogram of the chest, Aug. 14, 1942. Note the marked cardiac 

enlargement. 

On Aug. 23, 1942, an electrocardiograrir taken after the subsidence of rapid lieart 
action was interpreted a« “showing resemblairce to tire electrocardiogram found in adults 
with coronar}^ artery disease during anginal pain. There was left axis deviation, sinus 
tachycardia, and S-T-segment and T-wave abnormalities resembling coronary iiisufliciencr 
(Fig. 2). The possibility of a eoionaiy anomaly uas considered. Attention was called to 
the fact that the cardiac enlargement, and S-T-segment, and T-wave abnormalities could 
possibly be the effects of the tachycardia. The urine was negative. The Wood couiit dis 
closed a hemoglobin of 73 per cent; erythrocytes, 4,100,000; leucocytes, 12,550, of which 41 
per cent were neutrophiles, 49 per cent were Ijmphoeytes, 8 per cent uere monocytes, and 
2 per cent were eosinophiles. A repeat electrocardiogram on Aug. 24, 1942, was exactly 
the same as the one taken the previous day. There ueie no further attacks of tachycardia; 
the child improved and was permitted to go home after two days of hospitalization. 
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From that time until Aijril 25, 1945, the child was in good health, with the exception 
of ''short attacks of rapid heart beat,^' which were noted bj* the mother, a former student 
nurse. She stated that these attacks seemed to terminate spontaneously. On Oct. 4, 1944, 
the child was brought into the office for a routine physical examination. An electrocardio- 
gram taken at this time showed the characteristic tracing of the Wolff-Parkinson-White 
sjTidrome (Fig. 3). On Dec. 6, 1944, a routine electrocardiogram showed a normal P-E 
interval and a normal duration of the QES complex. There were, however, S-T-segment 
and T-wave abnormalities (Fig. 4, A). On April 17, 1945, the child became pale and 
dyspncic and was brought into the office bj' his mother, who said that she was certain 



Pig. 5. — Roentgenogram of the chest, June 22, 1945. See text for detailed description. Erosion 

of lower ends of ribs (black arrows). 

"that a spell was coming on." She remarked that tlie heart was pounding and beating 
very rapidlj". An electrocardiogram taken at that time showed paroxj-smal auricular tachy- 
cardia with a rate of 225 (Fig. 4, B). The child was given % grain of quinidine sulfate 
and the mother was instructed to repeat this dosage every three hours until the heart rate 
slowed. However, within one hour after the initial dose of quinidine, the tachycardia 
disappeared. An electrocardiogram taken the next day showed a normal P-E interval and 
a normal duration of the QES complex. The S-T-segment and T-wave abnormalities per- 
sisted in this tracing (Fig. 4, C). Since that time numerous sjiells of tachycardia have been 
aborted by the use of only % grain of quinidine sulfate. 

Physical examination of the child on June 22, 1945, revealed a slight bulge over the 
precordium and marked enlargement of the heart to the left on percussion. There was a 
moderate blowing systolic murmur at the pulmonic area and a slight systolic murmur at 
the apex. The aortic second sound and the pulmonic second sound were markedly accen- 
tuated. The blood pressure was 130/60 in the right arm and 120/60 in the left arm. The 
electrocardiogram was typical of the Wolff-Parkinson-AVhite syndrome (Fig. 4, D). A 
roentgenogram of the chest on June 22, 1945 (Fig. 5), was interpreted by Dr. K. S. Davis, 
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St. V incent s Hospital, as follows; "There is maiked enlargement of the heart shadow 
especially in the region of the left ventricle. There is also seen some notching at the 
lower ends of the ribs and there is almost a complete absence of the shadow of the aortic 
arch. Roentgen diagnosis: Coarctation of the aorta." 

DISCUSSION OF THE ELECTROC..VRDIOGRAMS 

The first tracings, slioivn in Pig. 2, are, I believe, actually characteristic 
of the WolfP-Parldnson-'\Yhite syndrome. The left axis deviation, S-T-segment 
changes, and T-wave abnormalities mentioned were all part of the pattern of 
bundle branch block. Certain features of this initial tracing were perhaps 
justifiably misinterpreted, for it is only bj’^ comparison with later tracings that 
one can recognize the pattern present. Levine® has called attention to the 
errors made in the intei'iiretation of electrocardiograms taken on infants. The 
restlessness and muscular activity of children and their movement of the lead 
wires cause many artifacts, Avhieh so distort the tracing that an accurate inter- 
pretation is often impossible. In this particular case, it ivas onlj'^ after the 
child was old enough to cooperate that electrocardiograms were satisfactory 
enough to show the "Wolff -Parkinson-Wliite syndrome clearly (Pig. 3). Subse- 
quent tracings revealed that at times the cardiac impulse followed the normal 
conduction pathway through the heart, as was evidenced by a normal P-E 
interval and a normal QES duration (Pig. 4, A). The association of parox- 
ysmal auricular tachycardia with this syndrome was demonstrated (Pig. 4, B). 
The pattern (Pig. 4, B) was seen to have reverted to a normal rate foUoiving 
the period of tachycardia on the previous day, after the administration of % 
grain of quinidine sulfate (Pig. 4, G). The S-T-segment and T-wave abnormal- 
ities in this tracing were no doubt an aftereffect of the paroxysmal tachycardia. 

COMMENTS 

"While the Wolff-Parkinson- White syndrome has been considered benign 
by most investigators, it is a generally accepted belief that paroxysms of tachy- 
cardia, to which these patients are susceptible, can cause heart faihu’e and 
even lead to death. Any paroxysmal tachycardia which lasts long enough 
may lead to cardiac decompensation. Therefore, in those cases where cardiac 
disease coexists, the person prone to attacks of paroxysmal tachycardia is 
confronted with a definite hazard. The prognosis will vary with the ability 
of the physician or patient to stop the tachycardia promptly. Inability to 
terminate the rapid heartbeat vnU no doubt cause more rapid failure in an 
already diseased heart to which this load is added than in a normal heart. 
It is not unreasonable to state that the Wolff-Parkinson-White syndrome in 
association with a normal heart may be considered benign; however, its occur- 
rence in association with other heart disease certainly alters the prognosis. 

The Wolfi-Parkinson- White syndrome has been attributed to the existence 
of an aberrant conduction bundle between the auricles and ventricles.® K this 
theory be accepted, then we have in the case presented here not only^ an 
anomalous conduction system in the heart, but also a congenital heart lesion. 
This conclusion certainly would be in keeping with the well-lmovni fact that 
congenital defects which occur are likely to be multiple. 
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An interesting feature of the case presented here is, the erosion of the 
ribs, as seen in the roentgenogram, occurring in a 3-year-old child, Roesler" 
states that the youngest patient in whom this sign was reported was 6 years 
of age. 

CONCLUSIONS 

1. This report records the occurrence of the Wolff-Parkinson- White syn- 
drome in an infant at the age of 14 weeks. This is apparently the youngest 
patient uith this s.yndrome on record. 

2. The occurrence of a congenital heart lesion in association with the 
Wolff-Parkinson- White syndrome is also reported. 

3. Electrocardiograms showing the typical AVolff-Parkinson- White pattern 
and the paroxysmal auricular tachycardia associated with it are presented. 
The presence of a normal P-R interval and a norma] QRS duration in some of 
the tracings shows that the cardiac impulse followed the normal conduction 
pathway through the heart some of the time. 

4. The beneficial effect of quinidine sulfate in this case was demonstrated. 
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L CASE REPORT OF SIMILAR SYMPTOMS PRODUCED BY 
HYPERACTIVE CAROTID SINUS REFLEX, ANGINA 
PECTORIS, AND MYOCARDIAL INFARCTION 

Major Pair. M. Glrnn,! M.C,, and Ijieutexant Colonel Hii.tox S. Read, ]\I.C. 

Army of the United States 

I N RECENT years the hyperactive carotid sinus reflex has received increasing 
clinical attention. Its mechanism and the syncojml syndrome produced by 
the vagal, depressor, or cerebral type of reflex have been thoroughly studied 
and described.’"'’ There have also been a number of reports of unusual s,iTnp- 
tomatology,’ although in most of these syncope is a prominent feature. 

The numerous symjjtoms most frequently associated with this syndrome 
arc mediated through the autonomic nervous .system. These are summarized 
in Table I, which is taken from Ferris, Capps, and Weiss.^ 


Table I. SvMpTo^rs DrsECTLY Eelateo to the Carotip Sinu.s jMechanism 




(Fainting, dizziness, -weabness 



(Convulsions: 


Central 

(Amnesia, cataplexy 
(Sleeplike state 
(Fatigue, weakness 


Ocular 

(Pupillary clianges 

(Strabismus 

(Lacrimation 

Carotid sinus reflex 
syncope may be: 

1. Vagal tj'pe 

2. Depressor type 

3. Cerebral type 

Respiratory 

Gastrointestinal 

(Hj'perpnea 

(Apnea 

(Yanuiing 

(Sigliing 

(Gaseous eructations 
(Nausea, vomiting 
(increased peristalsis 


Vasomotor 

(Hj-potension 
(Peripheral constriction 
(Peripheral dilatation 
( Sweating 


Cardiac 

(Bradycardia 

(Arrhythmia 

(Palpitation 


‘ Extremities 

(Numbness, tingling 
(Comailsions 
(Babinski’s phenomenon 


Received for publication Aug- 15. 1945. 
fMaJor Glenn died on Dec. 21, 1945. 
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The hyperactive carotid sinus reflex is frequently associated with numerous 
other pathologic conditions, both local and general d’ ® Weiss et aid noted 
that ^‘in 7 of 17 patients subject to the vagal type of s.yncope there was clinical 
evidence of degenerative change in the heart, and in the group as a whole there 
was a liigh incidence of generalized cardiovascular change. ’ ' Sigier^> ® pointed 
out that the hyperactive carotid sinus cardio-inhibitory reflex occurs most fre- 
quently and in highest degree in patients with coronary artery disease. He 
has graded the response on the basis of the degree of heart slowing, but ap- 
parently he did not commonly encounter s;\uieope. In his opinion the hyper- 
active cardio-inhibitory reflex occurs with such frequency in these patients that 
testing for it aids in the diagnosis of coronary artery disease. Conversely, a 
.syndrome simulating angina iiectoris, without coronary artery disease, has also 
been reported as a manifestation of hyperactivity of tlie carotid sinus in the early 
reports'of Weiss and his associates, and more recently by Friedman." 

The following ease report is of unusual interest because both a hyperactive 
carotid sinus reflex and coronary arteriosclerosis are present and because the 
same symptoms were produced by both conditions and could not be differentiated. 

f 

CASE REPORT 

A "vvliite officer, 48 years of age, was admitted to this General Hospital on Jan. 11, 1945. 
from overseas. His history dated back five months, at which time he was over.«eas when he de- 
veloped shortness of breath on moderate exertion. Soon thereafter he developed bilateral 
frontal and parietal headaches, which were associated with exertion and were promptly 
relieved by rest. Later, he also began to have pain at the angles of both jaws. This pain 
also occurred with exertion and was promptly relieved by rest. Five weeks later he de- 
veloped attacks of substernal pain associated with shortness of breath and a feeling of 
pressure on his chest, as well us pain in the jaws and head. These attacks were also pre- 
cipitated by exertion and relieved ffv rest. 

After a week or ten days of these attach.^, on Oct. 7, 1944, while walking, he developed 
a severe substernal pain which radiated to the left po.^terior supra scapular area and was 
severe enough to cause him to break out in a cold sweat. The pain lasted about five minutes. 
Subsequently he was admitted to a hospital. 

Physical examination at that time revealed no cardiac or other abnormality. The blood 
pressure was 130/74. Laboratory tests on several occasions .showed the red blood cell count, 
hemoglobin, white blood cell count, differential, urinalysis, and sedimentation rate to be 
normal. X-ray examination showed a normal cardiac silhouette. An electrocardiogram taken 
the day following admission (Pig. 1, o) showed an inverted T, and a deeply inverted T„ but 
no significant changes in the S-T segments. He was considered to have a coronary occlusion, 
and was treated with comidete bed rest. During this time he had three mild attack.s of sub- 
steriial pressure with radiation to the left shoulder. One attack occurred while he was sitting 
on the edge of the bed, and another occurred while he was helping to make his bed. The 
attacks were quite brief and required no medication. A Second electrocardiogram (Pig. 1, h) 
taken nine days after the first showed reversion of the T waves to their normal upright 
configuration. Subsequent electrocardiograms continued to show only left-axis deviation. 
A diagnosis of acute coronary thrombosis was made. After five weeks, evacuation was 
begun, first to Paris, subsequently to England. There, after a short period of bed rest, he 
was allowed up and around more freely. 

While in a hospital in England, on Dee. 20, 1944, while Ij-ing in bed he developed an- 
other acute severe substernal pain, which again caused him to break out in a cold sweat. 
Again there was radiation to the left scapular region, but there was no associated jaw or head 
pain. This time the pain persisted for about one and one-half hours, and he was given an 



iy‘± AMEEICAN HEART JOURNAL 

intravenous injection for relief. Unfortunately, althougli tMs was the most severe attack 
he had had, no electrocardiograms were taken. He left for the United States on December 23 
and arrived at a hospital in this country on Januarj’- 4, having had no symptoms in the interim. 
An electrocardiogi'am taken sixteen days after the severe attack showed only left axis dela- 
tion. The patient was then transferred to this General Hospital. 

The family history revealed no cardiovascular or renal disease. His mother died at the 
age of 65 years from ' an unknown cause. His father was living and well at the age of 74 
years. 
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Fig-, l.—a. Electrocardiogram taken Oct. 8, 1944, twenty-four hours after first severe at- 
tack of substernal pain. Note inverted Ti and T<. 6, ^*®'^U°‘;ardiogram token Oc. 17, • 

The voltage of Ti is slightly low, though in subsequent electrocardiograms it was enureiy 
normal. 

The patient had influenza complicated by pneumonia in 1918. He had a right hernior- 
rhaphy in 1942. In January, 1944, he developed a left peroneal nerve palsy, for wliich he was 
being treated as an outpatient. One night when sitting by the fire he noticed that he had 
burned the calf of his left leg. The burn required liospital care, and during this 
received injections of thiamine and liver extract, following which the palsy gradually dis- 
appeared. During the two years previous to his present hospitalization, the patient had lost 
about 45 pounds in weight. Tliis' weight loss had been gradual and unassociated with any 

symptoms. . i 

Physical examination at the time of admission to this hospital showed an individua 
who appeared to be older than his stated age. He was well developed and fairly well 
nourished, though he showed evidence of some weight loss. There was a scar from an old 
bum on the lateral aspect of Ms left leg. The ocular fundi showed a slight “'^^ase m 
tortuosity and streaking of the arteries. The bracMal arteries were readily palpable but not 
tortuous There was no apparent venous distention. The heart was of normal size. The 
nounds were slightly distant but of good quality. A, was louder than P,. No murmur was 
audible but ablt Le month after admission one observer noted a very soft systolic murmur 
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localized, at the apex. The blood pressure was 130/80. The remainder of the examination, 
including that of the neck, was negative.' 

The results of laboratoi-y studies were as follows: hemoglobin, 109 per cent; red blood 
cells, 4,860,000 ; wliite blood cells, 7,350 ; neutrophiles, 53 ; Ijunphocytes, 45 ; eosinopliiles, 2. 
The sedimentation rate was 4 mm. per hour by the Wintrobe method. A Fishberg renal 
concentration test showed specific gravities of 1.028, 1.027, and 1.028. The urinalysis was es- 
sentially negative. The blood Kalm test was negative. 

An electrocardiogram taken on admission showed merely a left axis deviation. An 
electrocardiogram taken after exercise i-evealed a sinus tachycardia of 120; otherwise there 
was no change. 

The interpretation of the x-ray examination of the chest was: ''The heart does not 
appear enlarged. Aorta is slightly elongated and tortuous, and there is a small calcareous 
plaque in the arch. The lungs appear clear.”. 

During his first. month in the hospital, the patient was ambulatory, without great lim- 
itation to his activity. He experienced three mild attacks of head and jaw pain, and slight 
shortness of breath. During or after these attacks he experienced palpitation. Exertion was 
not unifoimly a precipitating factor. 



Fig. 2.— ^(L«ead IVF) Asystole of 4.5 seconds’ duration following right carotid sinus stimula- 
tion. Original rate was 85 per minute. (Date Feb. 10, 1945.) 


On one occasion while the patient was being examined, it was noted that he had a 
somewdiat fl.ushed face, Avhich appeared to be due to a tight collar on his shirt. This, to- 
gether with the unusual symptomatology' of jaw pain and head pain, suggested a possible 
hyperactive carotid sinus syndrome. With carotid pressure on either side, the patient spon- 
taneously stated that symptoms of jaw pain and frontal headache similar to Ids previous 
symptoms were produced. At this time his pulse rate, which had been 60, dropped to 46 per 
minute. 

Carotid sinus stimulation was subsequently employed on several occasions while electro- 
cardiographic tracings .were being taken and invariably' produced attacks of pain of varying 
intensity'. On each occasion stimulation of either carotid sinus produced a high degree of 
cardiac inhibition, though stimulation of the right sinus produced more slowing of the heart 
rate. The rate dropped from about 85 per minute to about 50 per minute. Pall in blood 
pressure (130/76 to 100/70) was transient and brief, and not uniformly' produced. Syncope 
was never produced, even when stimulation was maintained for as long as sixty' seconds. 
On one occasion while the right sinus was being stimulated, the patient had asystole lasting 
4.5 seconds (Fig. 2) and experienced the most severe sy'mptoms. He complained of head 
pain, jaw pain, dizziness, shortness of breath, and "tingling all over.” All his sy'mptom.« 
were reproduced except the substernal pain. 

The electrocardiogram (Fig. 2) during the 4.5-seeond asy'stole shows both sinus arrest 
and auriculoventricular block. No other changes were produced by' the carotid sinus stimu- 
lation. There was little doubt tliat he had a hy^jeractive carotid sinus reflex of a type pre- 
dominantly cardio-inhibitory' (vagal). 

These findings on carotid sinus stimulation made it difficult to determine whether all 
the sy’mptoms were due to angina pectoris caused by coronary insufficiency’ and my’oeardial 
ischemia, or whether some or most of the symptoms were due to a hyperactive carotid sinus. 
The fact remained, however, that stimulation of the carotid sinus reproduced all symptoms 
•except the substernal pain which the patient had had on previous occasions. 
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With some evidence of generalized arteriosclerosis, it was not at all improbable that 
the patient had coronary arteriosclerosis. He may have had a myocardial infarction which 
had produced only transient electrocardiographic changes and at this time showed no residual 
changes. 

On Feb. 22, 1945, the patient appeared before an Army Retiring Board. Three davs 
later he went fishing, in a motorboat. He had not exerted himself a great deal, but had been 
in the sun for several hours. Just before leaving the boat he was seized by a se’vere pain in 
the substernal region and felt pain also in the neck and in the jaws. Previous to returning to 
the hospital, uuthin two hours of the attack, he had taken two nitroglycerin tablets, with 
some relief of liis pain. 
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Fig. 3. — a, Electrocardiograiu taken Feb. 26, 
tack of substernal pain and pain in neck and jaws. 
The records are typical of acute (a) and residual 
infarction. 


1945. twenty-four hours after a severe at- 
6, Electrocardiogram taken April 2, ISjo. 
(6) changes of anterior apical myocardial 


On examination he had an anxious appearance. The pulse was regular and of good 
quality. Tlie rate was S2 per minute. Tlie examination of the heart was negative. The blood 
pressure was 138/92. Immediately after examination he was given % gram of morphine and 
placed on bed rest. In about an hour and one-half a second dose of morphine was admin- 
istered and the pain gradually di.sappeaied, though he lequired another 14 grain of morphine. 
He continued to have some aching and pressure in the precordial region for three to four days. 
Subsequently he had no complaints. Examinations of the heart after this acute episode weie 
not significant. At no time was a friction rub heard, and at no time did the blood pressure 
fall below 120/80. The average was 136/80. 

Laboratory studies on the day following this attack showed a white blood cell count 
of 10 150 per cubic millimeter, with a differential count of 82 per cent neutrophiles and 18 
oer cent lymphocytes. The wMte count varied between 8,000 and 11,000 for the next four 
weeks. The sedimentation rate was 6 mm. per hour on the day following the attack and rose 
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to a peak of 2(5 nmi. per hour on tlie ninth day following the attack. Following this peak 
it returned to normal levels. 

Electrocardiographic change.s wore cliuracferistie of the Q,Tj anterior apical type of 
infarction. The record obtained on the morning after the acute episode (Fig. 3, a) showed 
a short Q,. elevation of the S-Tj and S-T^ segments, and slight depression of the S-T, and 
S-T- segments. T, and T^ were deeply inverted. By March 6, the S-T segments had become 
isoelectric, but T, and had become more decplj' inverted. This degree of inversion increased 
progressively and remained high until discharge (Fig. 3 !>). 

After the mild pains of the first few days, the clinical course was essentially asymp- 
tomatic. Ho was given phenobarbital and aminophylline three times daily. After three weeks 
of bed rest he was allowed up slowly and progressively. He remained asymptomatic except 
for slight tiredness after walking, but his strength rapidly returned. An x-raj' film of the 
chest taken on March 29 showed a slight relative prominence of tlie left ventricular portion 
of the heart but was otherwise negative. He Avas discharged to his home on April 5, 1945. 


DIKCUSSION 

There can he little doubt that while under our observation the patient had 
one cpiite typical myocardial infarction, probably tbe result of coronary occlu- 
sion on the basis of coronary arteriosclerotic disease. It is also probable that 
the episode just prior to his first hospitalization overseas represented more than 
a transient myocardial ischemia and may have been an infarction, though the 
only objective evidence to support this was the one electrocardiogram showing 
inverted T, and waves, which had become essentially normal, except for 
left axis deviation, in the electrocardiogram taken nine days later. Sixteen 
days following his second, and most severe, bout of pain overseas, an electro- 
cardiogram was again, or still, normal except for left axis deviation. 

The .symptoms in these three attacks were similar to those in numerous 
other attacks he cxi)ericnced during the month prior to overseas hospitalization 
and during his subsecpient course under observation, except that the substernal 
pain was more severe. Many of these attacks were apparently iirecipitated by 
effort, though some definitely were not. "Whether they represented attacks of 
true angina pectoris or hyperactive carotid sinus reflex is a matter for con- 
jecture. They were not entirely typical of either, but had some of the features 
of both. The fact that stimulation of the carotid sinus region reproduced the 
symptoms indicates that this reflex at least was hyperactive, but there is also 
evidence that coronary disease was present. An infarction could hardly be at- 
tributed to a hyperactive carotid sinus (cardio-inhibitory) reflex. 

t 

To enter into a physiologic discussion of the mechanism of production of 
these symptoms in this particular case is beyond the scope of this paper. Suffice 
it to say that probably the same effector end organs were activated both by the 
reflexes initiated by myocardial isciiemia and by the hyperactive carotid sinus 
reflex. Though the carotid sinus reflex is mentioned as one of the mechanisms 
affecting myocardial nutrition in Gross and Sternberg’s report of 15 eases of 
myocardial infarction without- demonstrable occlusion of the coronary arteries,® 
this etiological factor has not been proved in any case. In discussing reflexes. 
Gross and Sternberg state: Sudden death, which sometimes occurs, may be 

due to cardiac standstill resulting from extreme vagal stimulation, but it is 
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also possible that such vagal stimulation may produce reflex coronary vasocon- 
striction and myocardial ischemia.” 


SUMMARY 

1. A case report is presented in which a hyperactive carotid sinus reflex 
and coronary arteriosclerosis were present. 

2. The fact that symptoms produced by stimulation of the carotid sinus 
were similar to the patient’s spontaneous symptoms made it impossible to de- 
termine whether they were produced by the hyperactive carotid sinus reflex 
or were true angina pectoris resulting from myocardial ischemia. 

3. During observation the patient had a typical myocardial infarction. 
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Selected Abstracts 


Moses, W. E.: The Early Diagnosis of Phlehothromhosis. New England J. Med. 234: 

288 (Feb. 28) 1946. 

The high incidence of phlebothrombosis of the leg veins and the importance of early 
diagnosis are stressed. A simple clinical test is described for differentiating early phlebo- 
tlirombosis from lesions simulating it. The test consists of two maneuvers. The first 
maneuver comprises a careful search for tenderness in the deep posterior calf bj’’ direct com- 
pression with the fingertips in the anteroposterior direction. The second maneuver consists in 
compressing the calf between the fingers and the palm in a lateral direction. In early 

phlebothrombosis this lateral compression is painless or relatively so, as compared with 

the first maneuver. The great majority of lesions simulating incipient thrombosis are accom- 
panied by considerable tenderness on lateral compression. The findings in a case of peripheral 
neuritis, however, may be similar to those in a ease of phlebothrombosis; accordingly, a brief 
neurological e.vamination of the e.xtreraity is included as the third maneuver. Naide. 

Lange, K., and Loewe, L.: Subcutaneous Heparin in the Pitkin Menstruum for the 

Treatment of Experimental Hiunan Frostbite. Surg., Gynec. & Obst. 82: 256 (March) 

1946. 

Previous animal experimentation demonstrated that the timely use of heparin pre- 
vented gangrene, whereas untreated control animals unifornilj' developed gangrene as 
a result of experimentally induced frostbite. Only after at least seventy-two hours does 
organization of the erythrocytes occur in the smaller vessels. Ihe use of heparin early in 
this prethrombotic stage prevents organized thrombi from forming. The authors applied 
these findings to a study of the use of heparin in eight human volunteers in whom artificial 
frostbite was produced. Small areas of frostbite were produced by the use of dry ice. 
Heparin in Pitkin’s menstruum was deposited subcutaneously or intramuscularly. None of 
the volunteers developed any tissue loss while the control lesions showed central necrosis, 
qijjg Pitkin menstruum was designed to regnlate the release of water soluble drugs and is 
composed of gelatin, dextrose, glacial acetic acid, and water in definite proportions. 

’ Naide. 

Stevens, 0. D., Kotle, J. H., Smith, C. C., and McGuire, J.: The Treatment of Human 

Hypertension With a Kidney Extract. Am, J. M. Sc. 211: 227 (Feb.) 1946. 

The authors report the treatment of four carefully controlled, hypertensive patients with 
a kidney extract which contained no renin or angiotoninase activity. A concentrated extract 
was prepared which was of relatively low toxicity. 

Three of the patients showed during treatment a noteworthy fall in blood pressure, asso- 
ciated with fever. The fourth patient, who developed little fever, demonstrated only a slight 
depressor effect. However, blood pressure measurements made during the afternoon peak of 
the fever rvere not appreciably lower than those made in the morning before the temperature 
began to rise. The two subjects who demonstrated the greatest fall in blood pressure ex- 
hibited hypersensitivity reactions and developed serum precipitins. The fall in blood pressure 
during thiocyanate administration was of the same magnitude as that following the adminis- 
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tration of kidney extract in two cases but was not as marked as in the third patient whose 
blood pressure dropped. 

The results obtained with this kidney extract do not recommend its use. Until the 
toxic effect of such kidney extracts can be eliminated, their therapeutic evaluation wdll be 
ditficult and the mechanism of their action will be undetermined. Naide. 

Master, A. M., and Eichert, H.: Functional Paroxysmal Auricular Fibrillation. Am J 

IM. Sc. 211: .336 (March) 1946. 

Ey the term "uncomplicated or functional paroxysmal auricular fibrillation" is meant 
that tj’pe in which no evidence of organic heart disease can be demonstrated. This type of 
airhythmia was not infrequentlj’ eucountered in Naval personnel. The authors report a series 
of five cases in which the chief presenting symptom was "palpitation" or "pounding of the 
heart- ’ ’ They suggest that many cases which are diagnosed clinically as paroxj’smal tachy- 
cardia are actuallj’' cases of paroxysmal auricular fibrillation. They also stress the importance 
of psychogenic or nervous factors in the production of paroxysmal auricular fibrillation. This 
was especially true among susceptible individuals who had been placed under unusual stress 
and strain. 

Prom the .“standpoint of treatment, removal of the cause is important, particularly 
any factor disturbing the patient's mental equilibrium. Excessive exertion, mental and 
physical fatigue, lack of sleep, overindulgenee in tobacco and coffee, and gastric distention 
should be avoided. They have obtained good results by the administration of digitalis or 
qninidine. In the absence of quinidino, thej’ have administered potassium acetate, 1 or 2 Gin. 
three times daily. It is advisable that patients with this functional arrhythmia should be 
discharged from the Navy or retained for limited shore duty only. BELLET. 

Groedel, F. M., and Miller, M.: Esophago-cardiogram. Exper. hied. & Surg. 4; 26 (Feb.) 

1946. 

The esophagogram contains rvaves produced by the movements of the heart. It was 
studied as the esophago-cardiogram by the following technique. The tube of Einhorn's 
cardia dilator was introduced into the esophagus up to the cardia of the stomach, its outer 
end W'as connected with a microphone, and the system was filled wdth a few cubic centimeters 
of air. The microphone recorded on a three-string galvanometer simultaneously wdth Lead CEj 
and the heart sounds. The balloon rvas drarvn out slowly, a record being made every 1 or 2 
inches. 

The esoifiiago-cardiogram obtained with the balloon placed below the level of the left 
auricle is identical Avith the phlebogram obtained over the jugular bulb Avith a loaded re- 
ceiA'er bell. It reflects most of the mechanical events occurring during auricular systole and 
diastole and ventricular systole. The action of the left auricle is represented by a positive 
a wave, produced by and reflecting the a Avave of the vena cava. The ventrieulodiastolie 
part of the esophago-cardiogram forms a v Avav'e or a "v + d” Avave. When the end of the 
tube is placed at or above the level of the auricle, the auricular Avave is negative because the 
receiver balloon records here the movements of the auricular Avail. The ta Avave, representing 
probably the closure of the A-V valves, the b Avaves, caused by the isometric contractions of 
the ventricles, and the c complex, Avhich reflects the isotonic contraction and ejection phase of 
the ventricles, ai-e recorded throughout the esophagus. Laplace. 

Borchardt, P. B., and Groedel, F. M.: Intrathoracic Auscultation in the Pneumothorax. 

Exper. Med. & Surg. 4; 34 (Feb.) 1946. 

In order to determine Iioav the physical cliaracter of tlie heart sounds becomes altered 
while traveling from the cardiac surface to the surface of the chest, it is necessary to eliminate 
the lungs and the chest wall and study the heart sounds inside the thorax. Comparison Avas 
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therefore made of extrathoracic (chest "R'all) auscultation and intrathoracic auscultation in 
about 50 patients with normal hearts. About 20 were examined during the refilling of a 
therapeutic pneumothorax and the rest were examined during a pneumol 3 ’sis. Before the op- 
eration was started, phonocardiograms were recorded from various points over the pre- 
cordium. After refilling of a pneumothorax was finished, the needle used for the operation 
Avas connected directlj- with the recording microphone by a 3 to 4 cm. rubber tube. In the 
patients who had undergone pneumolj'sis, one of the tAvo cannulae AA’hicli are inserted after 
the .Tacobaeus operation aa-us closed, and the other Avas connected directly AA’ith the microphone. 
Simultaneous electrocardiograms Avere made. 

It Avas formd that the heart sounds inside the chest have a sonorous character AAuth fre- 
quencies averaging 35 cj'cles per second in comparison with their high-pitched, metallic quality 
outside the chest Avhere their frequencies are about 325 cvcles per second for the first sound 
and 300 c^’cles for the second sound. The additional higher frequencies of the extrathoracic 
sounds are picked up AA'hile the sounds traA-el from the cardiac surface to the surface of the 
bodj'. 

The first heart sound in the intrathoracic pneumocardiogram consists usuallj' of onlj' 
four CA'cles representing, respectiveh', isometric contraction of the right and left ventricles 
and opening of the right and left semilunar vah-es. The first sound maj* be preceded bj' a 
ta-sonnd (single Avave) AA'hich originates at the time of closing of tlie mitral vah’e. The sec- 
ond sound consists of Iavo and, less frequentlj’, three cj’clcs, recording the closure of the two 
semilunar valves. The intrathoracic phonocardiogram frequentlj' contains a third heart 
sound. This demonstrates that the latter actuallj- originates in the heart. The auricular 
contraction sound preceding the first sound is also frequenth' seen. Laplace, 

Aikawa, I. K.: Hypersensitivity and Bbeumatic Fever. Ann. Int. j\Ied. 23; 96J) (Dec.), 

1945. 

This study consists of a very extensiA’c review of the literature pertaining to the 
relation of rheumatic fever to hypersensitivity. 

Part I is concerned Avith hypersensitivity, antibodies, serum sickness, allergyq and the 
interrelation of these phenomena. The eA'olution of the concepts of this interrelationship 
is followed through successive reported studies, and the more recent concepts of Anrious 
authors are presented. 

Part II is concerned Avith the literature which presents evidence for a relation be- 
tween hypersensitiA’ity' and the rheumatic process. The .similarity between some mani- 
festations of rheumatic disease and serum sickness is emphasized, as well as the general 
similarity between histologic changes in rheumatic disease and the proliferative in- 
flammation of connective tissues found in sensitized animals following injection of the 
specific irritant. Included in the revieAV are reports on the treatment of rheumatic sub- 
jects Avith salicylates and investigations which have been made to determine a rationale 
for such therapy in terras of immunologic reactions. T. N. Harris. 

Kety, S. S., and Schmidt, C, F,: The Effects of Active and Passive Hyperventilation of 

Cerebral Blood Flow, Cerebral Oxygen Consumption, Cardiac Output and Blood Pres- 
sure of Normal Young 3Hen. JT. Clin. Investigation 25: 107 (Jan.), 1946. 

Both actiA-e and passive hyperventilation by- normal human subjects is accompanied 
by a diminution in cerebral blood flow amounting to 33 to 35 per cent (average) of the 
control Amlume flow. Carbon dioxide content, carbon dioxide tension, and hydrogen ion 
content of arterial blood diminish significantly, and the cerebral arteriovenous oxygen 
difference increases. During active hyperventilation cardiac output increases by an aAmr- 
age of 2 per cent whereas during passiA'e hyperventilation cardiac output decreases 11 per 
cent below the control Amlues. Mean arterial pressure increases 12 per cent above the 
control during activ’e hyperAmntilation and 8 per cent aboAm the control during passive 
hyper Amntilation. It is of considerable interest that cerebral oxygen consumption is in- 
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creased by lo per cent above the control value during active hyperventilation whereas dur- 
ing passive hyperventilatio-n the average change is 0 per cent. The increase in cerebral 
oxygen consumption during active hyperventilation is attributed to an increa.se in cerebral 
metaboKc activity incklent to the mental elFort involved. The reduction in cerebral blood 
flow during hyperventilation is related to the diminution in carbon dioxide content of the 
blood thus produced. ParEimAxa. 

Jager, B. V., and Alway, E,.: The Treatment of Acute Eheumatic Fever With Large Doses 
of Sodium Salicylate, With Special Reference to Dose Management and Toxic Mani- 
festations. Am. .T. hr. Sc. 211; 273 (March), 1946. 

The results of the treatment of rheumatic fever by massive doses of sodium salicylate 
are evaluated. In the adult group of 18 patients, clinical and laboratory evidence of 
rheumatic activity appeared to vanish in six patients with initial attacks and in five of 
12 patients with recurrent episodes. In all of the 18 adult patients, rapid symptomatic 
improvement occurred within a few days after therapy was begun. There was no fever 
after the end of the second week. Anemia, which was present in some cases at the time 
of admission, disappeared in every instance during the^apJ^ 

Good results were also obtained in a group of eight children but were not as striking 
as in the adult group. No serious intoxication appeared in any patient whose plasma 
salicj'late level was less than 400 mg. per cubic centimeter. Some patients were able to tolerate 
levels above 500 mg. per cubic centimeter for prolonged periods "without difficulty. In spite 
of significant prolongation of the prothrombin time, hemorrhagic manifestations were ob- 
served in only one instance. Bellet. 


Braun, K.; Paravertebral Block and the Electrocardiogram in Angina Pectoris. Brit. 

Heart J. 8: 47 (Jan.), 1946. 

Considering the electrocardiogram as a method of evaluating the coronar 3 ' circulation, 
the author studied the effect of block of the upper four thoracic paravertebral ganglia in 
a series of twelve patients who had angina pectoris. Four to seven injections were given 
at intervals of three to six daj's. The first injection utilized novocain, while the remainder 
consisted of novocain and alcohol. Electrocardiograms were taken before and after treat- 
ment, and, in seven cases, immediately before and twenty-four hours after the first in- 
jection. 

Eleven patients had abnormalities of the electrocardiogram before treatment. Tn 
three instances, in which the abnormalities consisted, respectively, of bundle branch block, 
myocardial infarction, and negative T waves in all leads, there "oms no improvement in the 
electrocardiogram after block. In eight cases, improvement in the electrocardiogram 
occurred. Improvement was generally' maximal at the end of treatment, although in four 
cases a positive effect was present twenty-four hours after the first block. The improve- 
ment could be explained bj' increase in coronarj’- blood ffow due either to a direct effect 
of the block or to abolition of reflex spasm accompanjdng the relief of pain. No con- 
sistent parallelism was found, ho"wever, between the improvement of the electrocardiogram 
and the persistence and severity of the anginal pain. In one case the electrocardiogram 
at first improved, then became more abnormal although the patient was relieved of pain; 
in other cases, the patients had recurrence of angina although the electrocardiogram im- 

, Laplace. 

proved. 


Biorck, G.: Hypoxemia Tests in Coronary Disease. Brit. Heart J. 8: 17 (Jan.), 1946. 

The subject of induction of electrocardiographic changes following the adnunistration 
of low oxygen mixtures in the diagnosis of coronary artery disease is discussed. An 
analysis is presented of the results of 350 hypoxemia tests performed on 326 patients, 
of whom 166 were men and 160 were women. The patients were divided into three groups: 
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(1) those in whom there was no suspicion of coronary’- heart disease, (2) those in whom 
coronarj" disease was suspected, and (3) those in whom the presence of coronary disease 
was very probable or certain. The criteria for a positive test were the same as those 
established by Levy and his associates in 1938. The technique employed was similar to 
that originally described by Levy and his co-workers, inhalation of 10 per cent oxygen 
and 90 per cent nitrogen for twenty minutes, except for minor technical modihcations 
of the apparatus which delivered the gas mixture. In attempting to correlate the clinical 
findings with the electrocardiographic changes produced by the hjqroxemia tests, the records 
were interpreted without any knowledge of the clinical evidence. The incidence of posi- 
tive tests in G-roups 1, 2, and 3 was 3 per cent, 20 per cent, and 30 per cent, respectively. 
However, when the cases in which there were “coronary^’ cardiographic changes before 
the test were excluded from the calculation, the incidence of positive tests in Groups 1, 
2, and 3 was 2 per cent, 18 per cent, and 23 per cent, respectively. It was also observed 
that the test was positive in only 5 of 18 patients who had healed myocardial infarction 
and still suffered from angina pectoris. In the opinion of the author the results appear 
to indicate that the value of this test in the diagnosis of coronary disease cannot yet be 
decided in any final sense at this time. Wendkos. 


Lyons, R. H., and Burwell, C. S,: Induced Changes in the Circulation in Constrictive Peri- 
carditis. Brit. Heart J. 8: 33 (Jan.), 1946. 

The physiologic alterations and adaptations which accompany constriction of the 
pericardium were studied in two patients before and after pericardiolysis. An attempt 
was made to establish correlations between cardiac output, venous pressure, blood volume, 
circulation time, and heart rate. Spontaneous fluctuations in the level of the venous pres- 
sure, as well as sudden alterations of the venous pressure induced by rapid infusions or 
rapid phlebotomy, could be correlated only with blood volume and were found to bear no 
relationship to alterations in the heart rate or cardiac output. Further observations in 
one case following the alternate use of diuretics and sodium chloride seem to indicate that 
the elevated venous pressure, which is a conspicuous feature in constrictive pericarditis, 
is due to mechanisms similar to those which operate in cases of congestive failure without 
pericardial constriction, such as a rise in blood volume due to retention of sodium. The 
authors also speculate upon the adaptive mechanisms which occur in constrictive peri- 
carditis and emphasize that a high venous pres.sure in this condition, unlike circumstances 
in which diastolic failure of the heart is due to tamponade by fluid in the pericardium, 
cannot be an effective compensation for the reduced cardiac output. On the other hand, 
the beneficial effect of tachycardia, either spontaneous or induced, is demonstrated from 
measurements of cardiac output and venous pressure. The authors also emphasize that 
since digitalis may induce slowing of the sinus rate, this drug is contraindicated in the 
treatment of constrictive pericarditis before adhesions are released. Wekdkos. 


Schnitzer, R., and Gutmann, D.: Myxedema With Pericardial Effusion. Brit. Heart J. 8: 

25 (Jan.), 1946. 

In a completely studied case of myxedema associated with marked enlargement of 
the heart shadow and with few signs or symptoms of cardiac failure, the authors present 
data which seemed to confirm the view of previous observers that part of the cardiac 
enlargement in “myxedema heart” is to be ascribed to an associated pericardial effusion. 
In their case, the presence of pericardial effusion was established by paracentesis with 
removal of 60 c.c. of straw-colored fluid from the left side of the pericardium. Serial 
electrocardiograms were made during the period of observation. The disappearance of 
the low voltage of all the electrocardiographic deflections in the standard limb leads and 
the return of the heart shadow to normal diameters following treatment with thyroid 
extract is explained by the authors as the result of dissipation of the fluid surrounding the 
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heart. The amplitude of the auricular and ventricular deflections in the tracings made 
before, during, and after treatment with thyroid extract bore no relationship to the heart 
rate, the increase in voltage occurring without any cardiac acceleration. Wexdko.s. 

Lequieme, J., and Denolin, H.: Changes in the Coronary Circulation in the Course of 
Aortic Insufficiency in Young Subjects. Arch. d. mal. du coeur. 38: 225 (Sent.-Oct.') 

TrtiK 'X**/ 


Three cases are reported in which attacks of angina pectoris occurred in patients who 
had rheumatic aortic insufficiency. The patients were 14, 15, and 20 years old, respectively. 
The attacks of pain w’ere independent of phj'sical exertion and occurred most frequently 
at night. The}' "were usually accompanied by tachycardia and increase in blood pres.sure. 
Electrocardiograms w'ere made during the attacks and revealed transient S-T interval de- 
■\ iation similar to the changes induced by effort in patients who have coronary disease. 
The various explanations which have been offered as to the cause of anginal pain in the 
presence of aortic insufficiency are discu.ssed. The author believes that his observations 
favor the view that the pain results from a disproportion between the coronary circulation 
and the work of the heart. Laplace. 

Broustet, P., Bergouignan, M., and Leger, H.i Flutter and Auriculo-Ventricular Dissocia- 
tion in a Patient With Myopathy. Arch. d. du cceur. 38: 212 (Sept.-Oct.) 1945. 

The case is presented of a man, aged 54 year.s, who had long standing progressive 
muscular atrophy of idiopathic type. At an advanced stage of the disease but while he 
was still able to work, the patient began to have manifestations of cardiac insufficiency. 
A physician noted that the pulse rate was 40 per minute, the blood pressure was 220/110, 
and the heart "was enlarged. After a month of treatment, the patient returned to work, 
but five mouths later he was admitted to the hospital because of two episodes of syncope. 
An electrocardiogram revealed auricular flutter with a rate of 200 per minute. The ven- 
tricular complexes were relatively- normal but occurred at a rate of 40 per minute and had 
no constant time relationship to the auricular waves. There were no further manifesta- 
tions of cardiac insufficiency and, when last observed, the patient had no sjmiptoms except 
those caused by his muscular dystrophy. No subsequent change occurred in the electro- 
cardiogram and even full digitalization failed to influence the constant auricular and ven- 
tricular rates. The cause of the heart disease respon.sible for the arrhythmia was not de- 
termined; the authors consider the possibility that it may have been related to the skeletal 
myopathy. Laplace. 

Jourdan, F., Froment, B., Gallavardin, L., and Baud, A.: Three Observations on Chronic 
Experimental Nodal Rhythm by Surgical Ablation of the Sinus Node. Arch. d. mal. 
du cffiur. 38: 197 (Sept.-Oct.) 1945. 

The authors call attention to the fact that the criteria for the diagnosis of nodal 
bradycardia are variable and often uncertain. An investigation was therefore made which 
involved electrocardiographic studies on dogs in which surgical ablation of the sinus node 
had been performed. Two of the dogs were observed over a period of three to four years. 

Variation of the P-B interval with wandering pacemaker occurred only in the first 
months after operation and could be caused to disappear by the injection of atropine. The 
phenomenon is regarded as an effect of vagal tonus and in that respect is comparable to 
sinus arrhytlimia. Polymorphism of the P waves, however, was more or less constant and 
could not be abolished by atropine. 

There occur occasionally in cases of pure nodal rhythm, blockage of the P waves and 
atypical ventricular complexes which are not premature and therefore suggest ventricular 
escape. Physiologic vagal tonus appears responsible for these anomalies. It seems indeed 
to exert a much more marked effect on nodal rhythm than it does on sinus rhythm. A 
more unusual occurrence is sudden doublin'g of the rate or an abrupt lengthy pause which 



SELECTED ABSTRACTS 


805 


is suggestive of sinoauricular block in sinus rhythm. In the absence of any more precise 
explanation of its cause, this type of block nuiy be regarded as a peculiarity of both the 
sinoauricular and auriculoventricular nodes. Laplace. 

Eaynaud, E.: Hypertensive Accidents Following the Injection of Acetylcholine. Arch. d. 

mal. du cocur. 38: 217 (Sept.-Oct.) 1945. 

The injection of acetylcholine has been found to occasionally produce transient hyper- - 
tension. An instance of this reaction is reported in the case of a ^Yoman 63 years old. 
The patient had sustained a sudden left hemiplegia. A half hour later, the author admin- 
istered an injection of 0.20 Gni. of acetylcholine. "Within twenty minutes, the blood pres- 
sure increased from 140/80 to 220/120, and the patient had an attack of acute pulmonary 
edema. Venesection, sedation, and the intravenous administration of ouabain were fol- 
lowed by recovery and return of the blood pres.sure to its previous level. 

The acetylcholine which was used in this case had been in the possession of the author 
for seven years. It is pointed out that although the characteristic action of acetylcholine 
is to lower the blood pressure, the drug may cause marked h 5 'pertension when it is no 
longer fresh. It is possible that acetylcholine may also elevate the blood pressure when 
given following the administration of atropine. The author has been unsuccessful, how- 
ever, in eliciting this reaction in normal subjects. He emphasizes the danger involved in 
using old solutions of acet 3 'lcholine, deterioration of which was undoubtedlj' the cause of 
the serious complication encountered in his patient. Laplace. 

Berconsky, I., and Newman, J.; Mitral Stenosis and Arterial Hypertension. Kev. argent. 

de cardiol. 12: 94 (Ma 3 '-. 7 une) 1946. 

In view of existing divergence of opinion regarding the significance of the co-existence 
of mitral stenosis and arterial h 3 ’pertension, a study was made of 150 patients, 74 with 
mitral stenosis and 76 with mitral disease. 

Arterial h 3 'pertension as indicated by a blood pressure of 150/90 or higher was present 
in 28 per cent of the total group. Its incidence among women was twice that encountered 
among men. In patients over 40 3 'ears of age the incidence of h 3 ^pertension was 50 per 
cent. The association of mitral stenosis and hypertension appeared about twice as fre- 
quentl 3 ' among Jewish patients as compared with non-Jewish patients. 

It is concluded from this stud 3 ' that arterial h 3 'pertension has the same incidence 
among patients who have mitral disease as occurs in the general population, and that the 
association therefore does not depend upon factors peculiar to the valvular disease. 

Laplace. 

Cohen, S. M.; The Surgical Management of Peripheral Vascular Disorders. Post-Grad. M. 

J. 22: 1 (Jan.) 1946. 

This is a review of surgical procedures used in the treatment of spastic and organic 
arterial diseases, costoclavicular compression thrombosi.s, erythromelalgia, and posttraumatic 
painful states. Diagnostic methods used in the study of patients with peripheral vascular 
diseases are discussed. The usefulness of sympathectomy in the various disorders is evaluated. 

Naide. 

Cohen, S. M.: The Surgical Management of Peripheral Vascular Disorders. II. Vascular 

Trauma. Post-Grad. IM. J. 22: 50 (Feb.) 1946. 

This is a review of advances and trends in the treatment of vascular injuries. Gen- 
eral rules regarding ligation following arterial injurj^ are outlined. The management of 
the consequences of arterial contusion is described. The author reviews and describes his 
own approach to the management of traumatic arterial spasm, Volkmann’s contracture, 
vascular repair and vein grafting, false aneurysm, and arteriovenous fistula. The manage- 
ment of the ischemic extremit 3 ’' in a patient wdio has suft'ered a vascular injur 3 " is outlined. 

Naide. 
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ditis (Blevins and Mac Neal). 
663 

Actinomycosis, endocardial, clinical arrest of. 

after fort 3 ’-four million units of 
penicillin (Mac Neal et ah), 66S 
Activity, phj'sical, early, in rlieumatic fever, 
therapeutic value of, preliminary 
report, 384^ 

Adenomas, small, of adrenal cortex in hy 
pertension and diabetes, 520“ 
Anastomosis, ob.servations relating to car 
diac hj'pertrophy produced ir 
rabbit by arteriovenous anasto 
mosis, effect of closure of, 243* 
Anesthesia, ether, bilateral cervical vagot 
omy and sympathotomy in rat 
under (Reichsman), 595 
urethane, bilateral cer\ncal vagotomy un 
der (Reichsman), 599 
Angina pectoris and tobacco, 525* 

hyperactive carotid sinus reflex, and 
myocardial infarction, case re- 
port of similar symptoms pro 
duced bj' (Glenn and Read), 792 
paravertebral block and electrocardio- 
gram in, 802* 

treatment of coronary' disease with, by 
pericoronary neurectomy com- 
bined with ligation of great car- 
diac vein (Fauteux), 260 
Anginal syrndrome, treatment of, with thi- 
ouracil, 247* 

Announcement, 113 

Aorta, coarctation and acute dissection of, 
associated with pre^ancy, 247* 
congenital, and its surgical treatment. 
381* 

surgical correction for, 380* 
Wolff-Parkinson-White sy'ndrome in 
association with congenital heart 
disease (Bodlander), 785 
Aortic arch, persistent right, with atresia 
of entire main pulmonary artery 
(Herbut and Fox), 490 
insufficiency, changes in coronary circula- 
tion in course of, in young sub 
yects, 804"' 

vestibule, congenital defect of, complica* 
ed by' bacterial endocarditis vflth 
perforation and death from car- 
diac tamponade (Medalia and 
Brapiewski ) , 103 


Arm, effect of change of position of, upon 
blood pressure (Stein), 477 
Arrhy'thmia, sinus, on cause of respiratory 
variation of ballistocardiogram, 
with note on, 059~ 

Arterial pressure, pulmonary, in dogs, meas- 
urement of, 107* 

Arteriosclerosis, experimental ; VIII. Effect 
of feeding olive oil on absorption 
and deposition of cholesterol, 381* 
study of prothrombin time in normal sub- 
jects and in patients with 
(Mey'ers and Poindexter), 27 
Arteriovenous anastomosis, effect of closure 
of anastomosis, observations relat- 
ing to cardiac hypertrophy pro- 
duced in rabbit by', 243* 

Artery, pulmonary', contribution to studv of 
congenital dilatation of, 656 
entire main, persistent right aortic arch 
with atresia of (Herbut and 
Fox), 590 

Arthritis, rheumatoid, chai’acteristic vas''u’ar 
pattei-n in patients with, 380* 
Asthenia, neurocirculatory', unstable T waves 
in Leads II and III in pensons 
with (Wendkos and Logue), 711 
Atresia of entire main pulmonary' artery, 
persistent right aortic arch with 
(Herbut and Fox), 490 
Atropinized denervated heart, effect of ace- 
tylcholine on, 382* 

Auricle, massive left, with special reference 
to its etiology and mechanism 
(Parsonnet et ah), 438 
Auricular fibrillation and bacterial endo- 
carditis, coincidence of (McDon- 
ald), 308 

functional paro.xysmal, 800* 
heart sounds, recognition and clinical sig- 
nificance of, 659^ 

T wave, unusual, multiple disturbances of 
rhythm and conduction and, in 
case of myocardial infarction 
(Miller and Perelman), 501 
Auriculoventricular dissociation, flutter and, 
in patient with myopathy, 804* 
Auscultation, intrathoracic, in pneumo- 
thorax, 800* 

A-V block, transitory, occurring during scar- 
let fever (Paul et ah), 138 

B 

Bacterial endarteritis, subacute, cure of, by 
surgical ligation in patient w'ith 
patent ductus arteriosus compli- 
cated by' presence of multiple 
congenital cardiac defects (Zieg- 
ler), 231 

endocarditis, coincidence of auricular fi- 
brillation and (McDonald), 308 


*Ati asterisk (’*’) after a pape number indicates the reference is an abstract and not an 
original article. 
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JIaclenal ondocanlitis — Oont ’d 

ineffectiveness of penicillin in some 
cases of, 380^ 

subacute, penicillin treatment of, 384^ 
Streptococcus s. b. e. in, 383 
treated with penicillin (Monroe), (iol 
with perforation and death from csydiac 
tamponade, congenital defect of 
aortic vestibule comjolicated by 
(Medaba and Drapiewski), 103 
Ballistocardiogram, on cause of respirato’.y 
variation of, with note on siuui 
arrhythmia, 659^ 

Basal conditions, perix)heral blood flow un- 
der, in older male subjects with 
normal and elevated blood pres- 
sures (Stewart et ah), 343 
Bigeminal rhythm, persistent ventricular, in 
aiiparently normal hearts, 659"^ 
rhythms, electrocardiographic (Parsonnet 
et ah), 75 

Bigeminy (Parsonnet et ah), 74 

Block, bundle branch, transient, associate'! 

with tachycardia (Eichert), 511 
interatrial and sinoatrial, with illustrative 
case (Decherd et ah), 352 
Blood flow, cerebral, cerebral oxygen con- 
sumption, cardiac output, an 1 
blood pressure of normal young 
men, cifeets of active and passive 
hyperventilation of, SOI' 
elfect of body heating on (Goetz). I(i2 
in peripheral vascular diseases (Goetz), 
173 

in syrapathectomizcd extremities (Goetz), 
1G8 

lieripheral, and rectal and skin temper- 
atures in hypertension (Stewart 
et ah), 617 

and rectal and skin temperatures in 
hj'pertcnsion, effect of splanch- 
nic resection on (Stewart et ah), 
728 

under basal conditions in older mab 
subjects with normal and elevate I 
blood pressures (Stewart et ah), 
343 

rate of, in toes (Goetz), 158 
through skin of lower extremities, rate 
and control of (Goetz), 146 
pressure and serum thiocyanate, relation 
of, 385* 

cerebral blood flow, cerebral oxygen con- 
sumption, cardiac output and. 
effects of active and passive 
hyperventilation of, 801* 
effect of change of position of arm 
upon (Stein), 477 
in hypertension, range of, 383* 
of p'atients with hj'pertension and far- 
advanced renal disease, effect of 
high spinal anesthesia on — ib 
possible relationship to patho- 
genesis of hj-pertension (V) ; 
studies in hypertension, 379* 


' Blood pressure — Cont'd 

pulse rate and, in infancy and early 
childhood, 378* 

values determined by inflating and de- 
flating cuff of sphygmomanometer 
(Cunningham), 220 

pressures, normal and elevated, peripheral 
blood flow under basal conditions 
in older male subjects with 

(Stewart et ah), 343 
transfusion, intracardiac, 385* 
volume determination, plasma and, in bi- 
laterally vagotoinized rats 

(Reichsman), 605 

Body heating, effect of, on blood flow 

(Goetz), 162 
Book reviews, 251, 661 
Brain abscess with congenital heart disease, 
384* 

and heart, combined acute vascular le- 
sions of, clinical-pathologic study 
of fifteen cases, 248* 

Buerger’s disease, 654* 

Bundle branch block, transient, associated 

with tachycardia (Eichert), 511 
Burn shock, nature of circulatory changes 
in, 524* 

C 

Calcification of mitral valve (Fertman and 
Wolff), 580 

primary', massive, with ossification of myo- 
cardium (Edelstein), 496 
Carcinoma, metastatic, as cause of con- 
strictive pericarditis (Wallace and 
Logue) , 223 

Cardiac Complications in infectious mono- 
nucleosis, electrographie evidence 
of, 655* 

cycle in electrocardiograms of normal men, 
analysis of time relationships 
rvithin (Schlamowitz), 329, 464, 
473 

damage, residual, question of, in scrub 
ty'phus (Levine), 326 

defects, multiple congenital, cure of sub- 
acute bacterial endarteritis _by' 
surgical ligation in patient with 
patent ductus arteriosus compli- 
cated by presence of (Ziegler), 
231 

drive, venous return in absence of, 3S2* 

dysfunction, relation of nutritional de- 
ficiency to, 525* 

failure from causes other than myocardisd 
infarction, presence and patho- 
genesis of endocardial and sub- 
endocardial degeneration, mural 
thrombi, and thromboses of the- 
besian veins in (Flynn and 
Mann), 757 

injury potential, development and con- 
tour of, 525* 
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Cardiac — Cont 'd 

output, cerebral blood flow, cerebral oxy- 
gen consumption, and blood 
pressure of normal young men, 
effects of active and passive hy- 
perventilation of. SOl"^ 
in man, study of some of errors of 
riglit heart catheterization, 654" 
reaction to right and left pneumothorax, 
considerations of, 524" 
tamponade, congenital defect of aortic 
vestibule complicated by bacterial 
endocarditis with perforation and 
death from (Medalia and 
Drapiewski), 103 

vein, great, treatment of coronary disease 
with angina by pericoronary neu- 
i-ectomy combined with legation 
of (Fauteux), 260 

Cardioinhibitory vagus endings in dog. 

blocking action of cinchona alka- 
loids and certain related com- 
pounds on, 242^ 

Cardio-pulmonal function during pregnancy, 
251 (B. Eev.) 

Cardiotoxic lesions of digitalis in dog, effect 
of certain drugs upon (Kyser 
et ah), 451 

Cardiovascular defects, congenital, physio- 
pathologj’ and surgical treat- 
ment of, 519^ 

disease, normal electrocardiograms in 
(Pazzanese and Bertacchi), 33 
disturbances in tsutsugamushi disease, 
248* 

receptors, paroxysmal pulmonary edema 
consequent to stimulation qf ; I. 
Effect of intra-arterial and intra- 
venous infusions (Luisada and 
Samoff), 270 

II. Mechanical and neurogenic ele- 
ments (Luisada and Sarnoff), 
282 

III. Pharmacologic experiments 
(Luisada and Sarnoff), 293 

system, gout and its effect on. 111" 

* pathologic study of thirty-one cases of 
scrub tj'phus fever with especial 
reference to (Levine), 314 

Carotid shudder, 379* 

sinus, hyperactive, reflex, angina pec- 
toris, and myocardial infarction, 
case report of similar sjTnptoms 
produced bv (Glenn and Bead), 
792 

stimulation, hemiplegia following 
(Askey), 131 

other cerebral disturbances folio-wing 
(Askey), 135 

Catheterization, right heart, study bj' method 
of ; circulation in penetrating 
wounds of chest (Merrill et al.), 
413 

'study of some of errors in method of: 
cardiac output in man, 654* 


Catheterization, right heart — Cont’d 

studj^ utilizing method of; pericardial 
tamponade from stab wound of 
heart and pericardial effusion or 
empyema (Warren et al.), 418 

Cervical vagotomy, bilateral, and sympa- 
thotomy in rat under ether anes- 
thesia (Eeichsman), 595 
under uretliane anesthesia (Eeichs- 
man), 599 

left, right thoracic and (Eeichsman), 
600 

Chest, circulation in penetrating wounds of; 

study bj' method of right heart 
catheterization (Merrill et al.), 
413 

leads, configuration of epicardial and endo- 
cardial extrasystoles in, 655" 

Childhood, early, infancy and, pulse rate 
and blood pressure in, 378" 
prccordial leads in; comment on presence 
of double upward deflections in 
leads from sternal region of nor- 
mal children, 657* 

Children, Denver school, prevalence of rheu- 
matic heart disease in, 250* 
prevention of rheumatic recurrences in, by 
use of sulfathiazole and sulfa- 
diazine, 379" 

Cholesterol, effect of feeding olive oil on 
absorption and deposition of 
(■\MII) ; experimental arterio- 
sclerosis, 381* 

Cinchona alkaloids and certain related com- 
pounds, blocking action of, on 
cardioinhibitory vagus endings in 
dog. 242" 

Circulation, effects of malaria on (Sprague), 
427 

failure in hunger edema, 383* 
in constrictive pericarditis, induced 
changes in, 803~ 

in experimental neurogenic hvpertension, 
110 " 

in penetrating wounds of chest; study by 
method of right heart catheteri- 
zation (Merrill et al.), 413 
lying and standing, of tremor, and of 
irrogram of bed exercises and 
early rising, studies of (I) ; con- 
valescence of surgical proce- 
dures, 249“ 

Circulatory and respiratory systems, certain 
effects of positive pressure respira- 
tion on (Carr and Essex), 53 
changes in burn shock, nature of, 524* 

Coarctation and acute dissection of aorta 
associated -nlth pregnancy, 247* 
congenital, of aorta and its surgical 
treatment, 381" 

of aorta; experimental studies regarding 
its surgical correction, 112” 
surgical correction for, 380* 

Wolff -Parkinson- White sjmdrome in asso- 
ciation with congenital heart 
disease (Bodlander), 785 
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CoW, lieat ami, action of, on electrogram of 
cardiac ventricle, 107“ 
Conduction, multiple disturbances of rhytlim 
and, unusual auricular T "vvave in 
case of‘ myocardial infarction 
(Miller and Perelman), 501 
Congenital defect of aortic vestibule com 
idicated by bacterial endocarditis 
witli perforation and death from 
cardiac tamponade (Medalia and 
TDrapiewski),- 103 

heart disease, M'olil-Parldnson AYhite syn- 
drome in association nith: coarc_ 
tation of aorta (Bodlandcr), 7S5 
Congestive heart failure, right ventricular, 
venous pressure in patients with 
(Winsor and Burch), 397 
Constrictive pericarditis, metastatic car- 
cinoma as cause of (Wallace and 
Logue), 223 

Construction of vectorcardiogram from Ein- 
thoven electrocardiogram, method 
for (Howard), 191 

Control, rate and, of blood flow through 
' skin of loAver extremities (Goetz), 

146 

Cor pulmonale, chronic, 522^ 

Coronary artery disease among physicians, 
243 *^ 

circulation, changes in, in course of aortic 
insufficiencv in young subjects, 
804* 

disease, hypoxemia tests in, 802* 

with angina, treatment of, by pericoro- 
i nary neurectomy , combined with 

ligation of groat cardiac vein 
(Fauteux), 260 

failure, fatal, ivithout infarction; report 
of case (York and Bell)_, 780 
thrombosis, acute, dicumarol in, 522 
Cuff or sidiygmomanometer, differences in 
blood pressure values determined 
by inflating and deflating (Cun- 
ningham), 220 

Curacao, Netherlands West Indies, occurrence 
of ' rheumatic carditis in native 
population of, 658* 

Cutaneous diphtheria, myocardial complica- 
tions of (Kay and Lmngood). 
744 

Cycle, cardiac, in electrocardiograms of 
normal men, analysis of time rela- 
tionships within (Schlamowitz), 
329, 464, 473 . . u -p 

length (K-B interval), duration of 1-B 
interval and its relationship to 
(Schlamowitz), 473 

duration of Q-T interval and rela- 
tionship to (Selilaniowitz), 329 
duration of T-P interval and Bs rela- 
tionship to (Schlamomtz), 464 

D 

T-iao+n following intravenous administration 
Death bydrocldoride, 243* 

nerforation and, from cardiac tamponade, 

^ congenital defect of aortic vesti- 


Death — Cont'd 

bule complicated by bacterial 
endocarditis with (Medalia and 
Drapiewski), 103 

Defect, congenital, of aortic vestibule com- 
plicated by bacterial endocarditis 
with perforation and death from 
cardiac tamponade (Medalia and 
Drapiewski), 103 

Defects, congenital, following maternal ru- 
bella, 656* 

multiple congenital cardiac, cure of sub- 
acute bacterial endarteritis by 
surgical ligation in a patient with 
patent ductus arteriosus compli- 
cated by presence of (Ziegler), 
231 

Degeneration, endocardial and subendo- 
cardial, mural thrombi, and 
thromboses of thebesian veins, 
presence ' and pathogenesis of, in 
cardiac failure from causes other 
than myocardial infarction 
(Flynn and Mann), 757 
Dehydration, salt depletion and, hemo- 
dynamic changes in, 660* 

Denver scJiool children, prevalence of rheu- 
. matic heart disease in, 250* 
Diabetes, liypertension and, small adenomas 
of adrenal cortex in, 520" 
Diameter, transverse, of heart, method for 
orthodiagraphie measurement of, 
by means of simple fluoroscope 
(Howard), 724 

Dicumarol in acute coronary thrombosis, 522* 
Digitalis, effect of certain drugs upon car- 
dio toxic lesions of, in dog 

(Kyser et al.), 451 

Dilatation, congenital, of pulmonary artery, 
contribution to study of, 656* 
Diphtheria, cutaneous, myocardial complica- 
tions of (Kay and Livingood), 
744 

Dissection, acute, coarctation and, of aojta 
associated with pregnancy, 247* 
Disturbances, multiple, of rhj’thm imd com 
duction and unusual auricular ^ 1 
wave in case of myocardial in- 
farction (Miller and Perelman), 
501 

Diuretics, mercurial j intolerance jis shown 
by skin sensitmtj;, 378* 
thromboplastic properties of some 
(Macht), 460 

Drugs, certain, effect of, upon cardiotoxic 
lesions of digitalis in dog (Kyser 
et al.), 451 

Ductus arteriosus, patent, complicated by 
' presence of multiple congenital 

cardiac defects, cure of subacute 
bacterial endarteritis by ligation 
in patient with (Ziegler), 231 
Dvstronhv, progressive muscular, changes in 
musculature of gastrointestmaj 
tract and in myocardium in, 242 
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E 

Edema, hunger, circulation failure in, 383“ 
paroxysmal pulmonary, consequent to 
stimulation of cardiovascular re- 
ceptors (Luisada and Sarnotf), 
270. 282, 293 

pulmonarj-, following bilateral vagotomy. 

studies on pathogenesis of 
(Eeichsman), .590 

general considerations on mechanism of 
(Luisada and .Sarnoff), 303 

Etfusion. pericardial, or empyema, peri- 
cardial tamponade from stab 
wound of lieart and; study utiliz- 
ing method of right heart cathe- 
terization (Warren et ah). 418 
pericarditis with, following infections of 
upper respiratoiw tract (ISTathan 
and Dathe), 11,5 

Einthoven electrocardiogram, method for 
construction of vectorcardiogram 
from (Howard), 191 

Ejection, cardiac, action of, on venous re- 
turn, Goo’ 

Electrocardiogram, abnormal, following re- 
covery from paroxysmal tachy- 
cardia (Ward), 045 

abnormalities in, following hemolytic 
streptococcus sore throat, 65S~ 
Einthoven, method for construction of 
vectorcardiogram from (Howard), 
191 

paravertebral block and, in angina pec- 
toris, 802'^ 

prognostic value of. GGl (B. Rev.) 

Electrocardiograma. valor pronostico del, 
GGl (B. Rev.) 

Electrocardiograms in traumatic shock in 
man, 244* 

normal, in cardiovascular disease (Paz- 
zanese and Bertacchi), 33 
of normal men, analysis of time relation- 
ships with cardiac cycle in ; I. 
Duration of Q-T interval and its 
relationship to cycle length 
(R-E interval) (Schlamowitz), 
329 

II. Duration of T-P interval and 
its lelationsliip to cycle length 
(R-E interval) (Schlamowitz), 
464 

ITT Duration of P-R interval and 
its relationship to cycle length 
(R-R interval) (Schlamowitz), 
473 

Electrocardiographic bigeminal rhythms 
(Parsonnet et ah), 75 
changes following heat stroke, .383* 
in acute glomerulonephritis (LaDue and 
Ashman) , 685 

in cases of infectious hepatitis (Delm 
et ah), 183 

in pericarditis associated with uremia 
(Keith et ah), 527 

in scrub tj-phus fever (Hollander), 481 
resulting from phosphorus poisoning 
(Dathe and Kathan). 98 


Electrocardiographic — Cont 'd 
effects of injury at endocardial surface of 
left ventricle (Bayley), 677 
studies during and after pneumococcus 
pneumonia (Thomson et ah), 565 
Electrocardiography, practical clinical, 
evaluation of use of multiple 
versus single in-ecordial leads in 
conjunction with three limb leads 
for (Manchester and Ethridge), 
G33 

Elcctrogi-am of cardiac ventricle, action of 
heat and cold on different compo- 
nents of, 107’‘ 

Emboli in retinal arteries, clinical differen- 
tiation of. from endarteritis, 245“ 
Embolism, pulmonary, is there vagal pul- 
monocoronary reflex in? (Mali- 
now et ah), 702 

ligation of inferior vena cava for pre- 
vention of, 243* 

Emetine, effects of, on heart, 379* 
Emphysema, pulmonary, following pro- 
longed positive pressure respira- 
tion (Carr and Essex), 68 
spoil! aneous mediastinal (Palatucci and 
Knighton), 364 

Empyema, pericardial effusion or, pericardial 
tamponade from stab wound of 
heart and; study utilizing method 
of right heart catheterization 
(Warren et ah). 418 

Encephalitis, meningo, rheumatic heart dis- 
ease associated with, 113* 
Endarteritis, clinical differentiation of em- 
boli in retinal arteries from, 245" 
Endocardial actinomycosis, clinical arrest of. 

after forty-four million units of 
penicillin (Mac Neal et ah), 668 
and subendocardial degeneration, mural 
thrombi, and thromboses of the- 
besian veins, presence and patho- 
genesis of, in cardiac failure 
from causes other than myocardial 
infarction (Flynn and Mann), 
757 

surface of left ventricle, electrocardio- 
graphic effects of injury at 
1 Bayley), 677 

Endocarditis, bacterial, coincidence of auric- 
ular fibrillation and (iSIcDonald), 
308 

ineffectiveness of penicillin in some 
cases of, 380* 

with perforation and death from car- 
diac tamponade, congenital de- 
fect of aortic vestibule complica- 
ted bv (Medalia and Drapiewski), 
103 

enterococcal, clinical arrest in, 382" 
experimental, rheumatic-like and bacterial 
in rats. 111* 

human, Actinomyces septieus from (Ble- 
vins and Mac Neal), 663 
subacute bacterial, penicillin treatment of, 

, 384", (Monroe), 651. 658"' 

Streptococcus s.b.e. in. 383* 
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Enterococcal endocarditis, clinical arrest in, 
382* 

Epinephrine, acetylcholine and, action of, on 
turtle ventricle, 381“' 
Esophago-cardiogram, 800* 

Ether anesthesia, bilateral cervical vagot- 
omy and sympathotomy in rat 
under (Reichsman), 595 
Etiology and mechanism, massive left 
auricle with special reference to 
(Parsonnet et ah), 438 
Exercise, bed, and early rising, studies of 
circulation lying and standing, of 
tremor, and of (I) ; convalescence 
from surgical procedures, 249* 

effect of, on size and shape of T wave 
(Dehn et ah), 188 

step-up, on benches of different heights, 
pulse reaction to performing, 
654* 

test, mild, studies of various physiological 
responses to (II) ; convalescence 
from surgical procedures, 249* 
Experiments, pharmacologic (HI) ; parox- 
ysmal pulmonary edema conse- 
quent to stimulation of cardio- 
vascular receptors (Luisada and 
Sarnotf), 293 

Extrasj’stoles, epicardial and endocardial, 
configuration of, in chest leads, 
655* 

study of subjective sensations associated 
with (Kline and Bidder), 254 
Extremities, lower, rate and control of 
blood flow through skin of 
(Goetz), 146 

venous pressures in disorders of venous 
system of, 380* 

svmpathectomized, blood flow in (Goetz), 
168 

E 

Fibrillation, auricular, and bacterial endo- 
carditis, coincidence of (McDon- 
ald), 308 

functional paroxysmal auricular, 800* 

ventricular (Parsonnet et ah), 769 
Pluoroscope, simple, method for orthodia- 
graphic measurement of trans- 
verse diameter of heart by means 
of (Howard), 724 

Flutter and auriculoventricular dissociation 
in patient with myopathy, 804* 
Frostbite, human, experimental subcutaneous 
heparin in Pitkin menstrvium for 
treatment of, 799* 

G 

Gastrointestinal tract, changes in muscula- 
ture of, and in myocardium in 
progressive muscular dystrophy , 
242‘ 

Glomerulonephritis, acute, electrocardio- 
graphic changes in (LaDue and 
. Ashman), 685 

Gout and its effect on cardiovascular sys-. 
tern, 111"^ 


H 

Harveian oiation on rheumatic fever and 
rheumatic heart disease, 246* 
Headache, t-vpical, of essential hypertension; 

etiological considerations and re- 
port of new form of therapy, 250* 
Heart and other organs, pathologic changes 
in, in scrub typhus fever (Le- 
vine), 315 ■ 

atropinized denervated, effect of acetyl- 
choline on, 382* 

brain and combined acute vascular lesions-, 
of, clinical-pathologic study of 
fifteen cases, 248* 

disease, congenital, brain abscess with,. 
384* 

Wolff-Parkinson-IVhite syndrome in 
association with: coarctation of 
aorta (Bodlander), 785 
or In-pertension. re-examination of vet- 
erans discharged because of, 520** 
effects of emetine on, 379* 
of malaria on (Sprague), 426 
failure, conge.stive, in scrub typhus (Le- 
vine), 325 

left ventricular, insomnia due to, 385* 
right ventricular congestive, venous 
pressure in patients with (Winsor 
and Burch), 397 

mechanism of action of jaundice on (Delm. 
et ah), 187 

method for orthodiagi-aphic measurement 
of transverse diameter of, by 
means of simple fluoroscope 
(Howard), 724 
myxoma of (Brown), 373 
right, catheterization, circulation in pene- 
trating wounds of chest (Merrill 
et ah), 413 

pericardial tamponade from stab 
wound of heart and pericardial 
effusion or empyema (Warren. 
et ah), 418 

sounds, auricular, recognition and clini- 
cal significance of, 659* 
stab wound of, and pericardial effusion or 
empyema, pericardial tamponade 
from; study utilizing method of 
right heart catheterization (War- 
ren et ah), 418 

traclieobronchial tree, and inferior vena 
cava of normal dogs, effects of 
positive pressure respiration on 
(Carr and Essex), 61 
Hearts, apparently normal, persistent ventric- 
ular bigeminal rhythm in, 059* 
Heat and cold, action of, on different com- 
ponents of electrogram of cardiac 
ventricle, 107* 

stroke, electrocardiographic changes fol- 
lowing, 383* 

Hemiplegia foUowing carotid sinus stimula- 
tion (Askey), 131 

Hemodynamic changes in salt depletion and 
in dehydration, 660* 
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Hemodynamics of acute hemorrhage in man 
(Brannon et ah), 407 

HemoljHc streptococcus sore throat, abnor- 
malities in electrocardiogram fol- 
, lowing, 658* 

Hemorrhage, acute, in man, hemodynamics 
of (Brannon et ah), 407 
or trauma of limbs, effects of positive 
pressure respiration on circula- 
tion and respiration when com- 
bined with (Carr and Essex), 64 
Hemorrhagic phenomena in scrub typhus 
(Levine), 325 

shock; definition and criteria for its diag- 
nosis, 660* 

Heparin, subcutaneous, in Pitkin menstruum 
for treatment of experimental 
human frostbite, 709* 

Hepatitis, infectious, electrocardiographic 
changes in cases of (Dehn et ah), 
183 

Hj'peractive carotid sinus reflex, angina pec- 
toris, and myocardial infarction, 
case report of similar symptoms 
produced by (Glenn and Bead), 
792 

Hj'persensitivity and rheumatic fever, 801* 
Hypertension and diabetes, small adenomas 
of adrenal cortex in, 320* 
arterial, critical study of medical treat- 
ment of, 523* 
mitral stenosis and, 805* 
production of, by chronic renal artery- 
nerve stimulation, 246* 
surgical treatment of, 521“ 
effect of splanchnic resection on periph- 
eral blood flow and rectal and 
skin temperatures in (Stewart 
et ah), 728 

essential, typical headache of; etiological 
considerations and report of new 
> form of therapy, 250* 

experimental neurogenic, circulation in, 
110 * 

heart disease or, re-examination of veter- 
ans discharged because of, 520* 
human, treatment of, with kidney extract, 
799“ 

peripheral blood flow and rectal and skin 
temperatures in (Stewart et ah), 
617 

range of blood pressure in, 383* 
sodium restriction in diet for, 112* 
studies in; V. Effect of high spinal anes- 
thesia on blood pressure of pa- 
tients with hj-pertension and far- 
advanced renal disease — its pos- 
sible relationship to pathogenesis 
of hypertension, 379* 

venous, in man, normal venous pressure 
values and study of certain clini- 
cal aspects of ; use of phlebo- 
manometer (Winsor and Burch), 
387 


Hypertensive accidents following injection 
of acetylcholine, 805* 

cardiovascular disease, essential, in man, 
experiences with surgical treat- 
ment of, 245* 

Hypertrophy, cardiac, produced in rabbit by 
arteriovenous anastomosis, effect 
of closure of anastomosis, obser- 
vations relating toj 243* 
Hypoxemia tests - in coronary disease, 802* 

I 

In memoriam — Fred M. Smith, 253 
Infanc}'" and early childhood, pulse rate and 
blood pressure in, 378* 

Infarction, fatal coronary failure without: 

report of case (York and Bell), 
780 

myocardial, case report of similar symp- 
toms produced by hyperactive 
carotid sinus reflex, angina pec- 
toris, and (Glenn and Read), 792 
multiple disturbances of rhythm and 
conduction and unusual auricular 
T wave in case of (Miller and 
Perelman), 501 

presence and pathogenesis of endo- 
cardial and subendocardial de- 
generation, mural thrombi, and 
thromboses of thebesian veins in 
cardiac failure from causes other 
than (Fljmn and Mann), 757 
Infections of upper respiratory tract, peri- 
carditis with effusion following 
(Nathan and Dathe), 115 
Infectious hepatitis, electrocardiographic 
changes in cases of (Dehn et ah), 
183 

Inferior vena cava, ligation of, for preven- 
tion of pulmonary embolism, 243* 
Infusions, intra-arterial and intravenous, 
effect of (I) ; paroxj-smal pul- 
monary edema consequent to 
stimulation of cardiovascular re- 
ceptors (Luisada and Sarnoff), 
270 

Injury at endocardial surface of left ven- 
tricle, electrocardiograi)hic 'effects 
of (Bayley), 677 

potential, cardiac, development and con- 
tour of, 525* 

Insomnia due to left ventricular heart fail- 
ure, 385* 

Insxriratory and exjriratory resistance, rats 
breathing against (Reichsman), 
603 

resistance, rats breathing against (Reichs- 
man), 601 

Interatrial and sinoatrial block, with illus- 
trative case (Decherd et ah), 352 
Intolerance as shown by skin sensitivity: 

mercurial diuretics, 378* 
Intra-abdominal pressure and regulation of 
venous return, 107* 
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Intra-arterial infusions, effect of (I) ; parox- 
ysmal pulmoliafy edema conse- 
quent to stimulation of cardio- 
vascular receptors (Luisada and 
Sarnoff), 270 

Intravenous, infusions, effect of (I) ; parox- 
ysmal pulmonary edema conse- 
quent to stimulation of cardio- 
vascular receptors (Luisada and 
SarnotT), 270 

J 

Jaundice, mechanism of action of, on heart 
(Dehn et al.), 187 

K 

Kidney extract, treatment of human hj'per- 
tension with, 799"^ 

L - 

Leads II and III, unstable T waves in, in 
persons with neuroeirculatory 
asthenia (Wendkos and Logue), 
711 

chest, configuration of epicardial and endo- 
cardial extrasystoles in, 655* 
precordial, in cliildhoodj comment on 
presence of double upward de- 
flections in leads from sternal 
region of normal children, 657* 
multiple versus single, evaluation of use 
of, in conjunction with three 
limb leads, for practical clinical 
electrocardiography (Manchester 
and Ethridge), 633 

Lesions, cardiotoxic, of digitalis in dog, 
effect of certain drugs upon 
(Kyser et al.), 451 

Letter.s, 377 

Ligation of great cardiac vein, treatment 
of eoronarj' disease with angina 
by pericoronary neurectomy com- 
bined with (Fauteux), 260 
coronary vein in man (Fauteux), 261 

Limb leads, three, evaluation of use of 
* multiple versus single precor- 
dial leads in conjunction with, 
for practical clinical electrocar- 
diogi-aphy (Manchester and 
Ethridge), 633 

Lower extremities, rate and control of 
blood flow through skin of 
(Goetz), 146 

M 

Malaria, effects of, on heart (Sprague), 426 

Materaal rubella, congenital defects follow- 
ing, 656* 

Mechanical and neurogenic elements (II) ; 

paroxysmal pulmonary edema 
consequent to stimulation of car- 
diovascular receptors (Luisada 
and Samoff), 282 

Mechanism, etiologj-^ and, massive left auricle 
with special reference to (Par- 
sonnet et al.), 438 


Mediastinal emphysema, spontaneous (Pala- 
tucci and Knighton), 364 
Medical treatment of arterial hypertension, 
critical study' of, 523* 

Meningo encephalitis, rheumatic heart dis- 
ea.se associated with, US* 
Mercupurin adminstered orally, further ob- 
servations on use of (Batterman 
et al.), 431 

Mercurial diuretics; intolerance as shonm by 
skin sensitivity, 378* 
thromboplastic properties of some 
(Macht), 460 

Metastatic carcinoma as cause of constric- 
tive pericarditis (Wallace and 
Logue), 223 

Method for construction of vectorcardiogram 
from Einthoven electrocardio- 
gram (Howard), 191 

Mitral valve, calcification of (Fertnian and 
Wolff), 580 

Mononucleosis, infectious, electrographic 
emdenee of cardiac complications 
in, 655* 

Morgagni-Adams-Stokes syndrome, special 
reference to; ventricular fibrilla- 
tion (Parsonnet et al.), 769 
Mumps (epidemic parotitis), acute myo- 
carditis in, 523* 

myocarditis (Felknor and Pullen), 238 
Mural thrombi, endocardial and subendo- 
cardial degeneration, and throm- 
boses of thebesian veins, presence 
and pathogenesis of, in cardiac 
failure from causes other than 
mymcardial infarction (Flymn and 
Mann), 757 

Musculature of gastrointestinal tract, 
changes in, and in myocardium 
in progressive muscular dys- 
trophy, 242* 

My'ocardial complications of cutaneou.s diph- 
theria (Kay and Liringood), 744 
infarction, case report of similar symp- 
toms produced by hy’peraetive 
carotid sinus reflex, angina P^c- 
toi-is, and (Glenn and Read), 792 
multiple disturbances of rhytlmi_ and 
conduction and unusual auricular 
T wave in ease of (Miller and 
Perelman), 501 

presence and pathogenesis of endocar- 
dial and subendocardial degenera- 
tion. mural thrombi, and throm- 
boses of thebesian veins in car- 
diac failure from causes other 
than (Flynn and Mann), 757 
Myocarditis, acute, in mumps (epidemic 
parotitis), 523* 
nonspecific, 112* 

mumps (Felknor and Pullen), 238 
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]\Iyocardiura, - musculature of gastrointes- 
tinal tract and, changes in, in 
progressive muscular dvstropliA-, 
242" 

piimary, massive calcification Avitli ossi- 
fication of (Edelstein), 496 
Jlyopatliy, flutter and auriculoventricular 
dissociation in patient vith, 804^ 
MA'xedema with pericardial etfusion, 803^ 
Myxoma of heart (Brown), 373 

N 

Neurectomy, pericoronary (Fauteux), 2(53 
combined with ligation of great car- 
diac A’ein, treatment of coronary 
disease with angina by (Fau- 
teux), 2(50 

Neurocirculatory asthenia, unstable T waves 
in I^ads II and III in persons 
Avith (Wendkos and Logue), 711 
Neurogenic, mechanical and, elements (II) ; 

paroxysmal pulmonary edema con- 
sequent to stimulation of cardio- 
vascular receptors (Luisada and 
Sarnoflr), 282 

Nodal rhythm, chronic experimental, three 
observations on, by surgical abla- 
tion of sinus node, S04‘‘ 

Nodules in rheumatic fever, 11 0"^ 

Normal men, analysis of time relationships 
within cardiac cycle in electro- 
cardiograms (Schlamowitz), 329, 
464, 473 

Nutritional deficiency, relation of, to car- 
diac dysfunction, 525'^ 

O 

Olive oil, ellect of feeding, on absorption 
and deposition of cholesterol 
(VIII) ; experimental arterio- 
sclerosis, 381 

Orthodiagraphic measurement of transverse 
diameter of heart, method for, by 
means of simple fluoroscope 
(Howard), 724 

Ossification of myocardium, primary, mas- 
sive calcification Avith (Edelstein), 
496 

Oxygen consumption, cerebral, cerebral blood 
flow, cardiac output, and blood 
' pressure of normal young men, 

effects of hyperventilation of, 
SOI” 

P 

P Avave, pulmonary, comparative study of, 
in chronic mitral and pulmonary 
disease, 108” 

Papaverine hydrochloride, death foUoAAung 
intravenous administration of, 
243” 

Paravertebral block and eleetrocardiogi-am 
in angina pectoris, 802” 


ParoxA'smal pulmonary edema consequent to 
stimulation of cardioAmscular re- 
ceptors (Luisada and Sarnoff), 
270, 282, 293 

tachycardia, abnormal electrocardiogram 
folloAving recoveiw from (Ward), 
645 

ventricular tachycardia (Freudlich), 557 
Patent ductus arteriosus complicated by 
presence of multiple ’ congenital 
cardiac defects, cure of subacute 
bacterial endarteritis by surgical 
ligation in patient AA-ith (Ziegler), 
231 

surgical therap}' of, 110“ 

Pjithogenesis of pulmonary edema folloAving 
bilateral vagotomy, studies on 
(Eeichsman), 590 

Pathologic study of thirty-one cases of scrub 
tyqrhus fever Avith especial refer- 
ence to cardiovascular system 
(Levine), 314 

Penetrating Avounds of chest, circulation in; 

study by method of right heart 
catheterization (Merrill et al.), 
413 

Penicillin, clinical arrest of endocardial 
actinomycosis after fortj'-four 
million units of (Mac Neal et 
ah), 668 

ineffectiA-eness of, in some cases of bac- 
terial endocarditis, 380~ 
intrapericardial, pneumococcal pericarditis 
treated with, 381^ 

Staphylococcus aureus septicemia and peri- 
carditis treated with (Zimmer- 
man and Durgin), 93 
ti-eatment of subacute bacterial endocar- 
ditis, 384” (Monroe), 651, 658” 
Perforation and death from cardiac tam- 
ponade, congenital defect of 

aortic vestibule complicated by 
bacterial endocarditis with (Me- 

dalia and DrapieAvski), 103 
Pericardial effusion, myxedema Avitli,. 803” 
or empyema, pericardial tamponade 

from stab Avound of heart and 
(Warren et ah), 418 

tamponade from stab Avound of heart and 
pericardial effusion oy emp 3 'ema 
(Warren et ah), 418 

Pericarditis associated AA'ith uremia, electro- 
cardiographic changes in (Keith 
et ah), 527 

constrictive, induced changes in circula- 
tion in, 803* 

metastatic carcinoma as cause of (Wal- 
lace and Logue), 223 
pneumococcal, treated Avith intrapericar- 
dial penicillin, 381* 

Staphylococcus aureus septicemia and, 
treated Avith penicillin (Zimmer- 
man and Durgin), 93 
with effusion folloAving infections of 
upper respiratory tract (Nathan 
and Dathe), 115 
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Pericoronary neurectomy (Fauteux), 263 
combined witli ligation, of great cardiac 
vein, treatment of coronary dis- 
' ease with angina bv (Fauteux), 
260 

Peripheral blood flow and rectal and skin 
temperatures in hypertension 
(Stewart et ah), 017 
etfect of splanchnic resection on 
(Stewart et al.), 728 
under basal conditions in older 
male subjects with normal and 
elevated blood pressures (Stewart 
et ah), 343 

vascular diseases, blood flow in (Goetz), 
173 

Pharmacologic experiments (III) ; parox- 
ysmal pulmonary edema conse- 
quent to stimulation of cardiova.‘- 
cular receptors (Luisada and 
Sarnoff), 293 

Phlebomanometer, use of : normal venous 
pressure values and study of cer- 
tain clinical aspects of venous 
hypertension in man (Winsor and 
Burch), 387 

Phlebothrombosis, early diagnosis of, 799' 

Phosphorus poisoning, electrocardiographic 
changes resulting from (Bathe 
and Nathan), 98 

Physicians, coronary arterv disease among. 
243* 

Physiological responses, various, to mild ex- 
ercise test, studies of (II); con- 
valescence from surgical proce- 
dures, 249* 

Physiopathology and surgical treatment of 
congenital cardiovascular defects, 
519* 

Plasma and blood volume determination in 
bilaterally vagotomized rats 
(Eeichsman), 605 

Plethysmogram of toes during rest (Goetz), 
148 

Pneumococcal pericarditis treated with in- 
trapericardial penicillin, 381* 

Pneumococcus pneumonia, electrocardio- 
graphic changes during and after 
(Thomson et ah), 565 

Pneumonia, pneumococcus, electrocardio- 
graphic studies during and after 
(Thomson et al ), 503 

Pneumopericardium, 246' 

Pneumothorax, intrathoracic auscultation in, 
800* 

right and left, considerations of cardiac 
reaction to, 524- 

Poisoning, nhosphorus, electrocardiographic 
changes resulting from (Bathe 
and Nathan), 98 

Polyarteritis nodosa, 520* 


Position of arm, effect of ciumge of, upon 
blood pressure (Stein), 477 

Positive pressure respiration, certain effects 
of, on circulatorj- and respiratory 
systems (Carr and Essex), 53 

P-R interval, duration of, and its relation- 
ship to cycle length (R-E inter- 
val) (III) ; analysis of time re- 
lationships within cardiac cycle 
in electrocardiograms of normal 
men (Schlamowitz), 473 

Precordial leads in childhood ; comment on 
presence of double upward de- 
flections in leads from sternal 
region of normal children, 657* 
multiple versus single, evaluation of use 
of, in conjunction with three 
limb leads, for practical clinical 
electrocardiography (Manchester 
and Ethridge), 633 

Pregnancy, cardiopulmonal function during, 
251 (B. Rev.) 

coarctation and acute dissection of aorta 
associated with, 247* 

Prothrombin time in normal subjects and in 
patients with arteriosclerosis, 
study of (Meyers and Poindex- 
ter), 27 

variations in (Meyers and Poindexter), 
29 

Pulmonary arterial pressure in dogs, meas- 
urement of, 107* 

artery, contribution to study of congenital 
dilatation of, 656* 

entire main, persistent right aortic aich 
with atresia of (Herbut and 
Fox), 490 

edema following bilateral vagotomy, stud- 
ies on pathogenesis of (Eeichs- 
man), 590 

general considerations on mechanism of 
(Luisada and SarnotT), 303 
paroxy-smal, consequent to stimulation 
of. cardiovascular receptors; I. 
Effect of intra-arterial and in- 
travenous infusions (Luisada and 
Sarnoff), 270 

II. Mechanical and neurogenic ele- 
ments (Luisada and Saraoff), 282 

III. Pharmacologic experiments 
(Luisada and Sarnoff), 293 

embolism, is there vagal pulmonocoron-ary 
reflex in? (Malinow et al.), 702 
ligation of inferior vena cava for pre- 
vention of, 243* 

stenosis, pure congenital (Freed and Bud- 
nitz), 369 

Pulmonocoronary reflex, vagal, in pulmonary 
embolism? (Malinow et ah), 702 

Pulse rate and blood pressure in infancy 
.and early childhood, 378* 

reaction to performing step-up exercise ^on 
benches of different heights, 654* 
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Q 

Q-T interval, duration of, and its relation- 
ship to cycle length (E-E inter- 
val) (I) ; analysis of time rela- 
tionships ^vithin cardiac cycle in 
electrocardiograms of normal 
men (Schlamowitz), 329 

E 

Eate and control of blood flow through skin 
of lower extremities (Goetz), 146 

Eajmaud's disease, part of venospasm in 
producing clinical picture of, 
532 ^ 

Eeeeptors, cardiovascular, paroxysmal pul- 
monary edema consequent to 
stimulation of (Luisada and 
Sarnoff), 270, 282, 293 

Eectal and skin temperatures, effect of 
splanchnic resection on peripheral 
blood and, in hypertension (Stew- 
art et ah), 728 

in hj-pertension, blood flow and 
(Stewart et ah), 617 

Eesection, splanchnic effect of, on periph- 
eral blood flow and rectal and 
skin temperatures in hj'perten- 
sion (Stewart et ah), 728 

Eespiration, positive pressure, certain ef- 
fects of, on circulatory and res- 
I)iratory systems (Carr and 
Essex), 53 

Eespiratory and circulatory systems, certain 
effects of positive pressure respira- 
tion on (Carr and Essex), 53 
tract, upper, pericarditis with effusion 
following (hTathan and Dathe), 
115 

Eheumatic carditis, occurrence of, in native 
population of Curacao, Nether- 
lands West Indies, 65S'‘ 
fever, acute, treatment of, M-ith large doses 
of sodium salicylate, with special 
reference to dose management 
and toxic manifestations, 802* 
and rheumatic heart disease, Harveian 
oration on, 246“ 

effect of salicylate therapy on Welt- 
mann serum coagulation reaction 
and its use as prognostic test in, 
656- 

etiology and pathogenesis of, 244* 
hj-persensitivity and, 801* 
nodules in, 110* 

observations on treatment of, with vita- 
min P, 244“ 

streptococcus infection and, some ex- 
perimental aspects of, 110~ 
studies in, 109- 

therapeutic value of early physical ac- 
tivity in, preliminary report, 384* 
heart disease associated with meningo en- 
cephalitis, 113* 


Eheumatic heart disease — Cont’d - 

Harveian oration on rheumatic fever 
and, 246* 

in Denver school children, prevalence 
of, 250* 

recurrences in children, prevention of, by 
use of sulfathiazole and sulfa- 
diazine, 379“ 

Eheumatoid arthritis, characteristic vas- 
cular pattern in patients with, 
380* 

Eln’thm and conduction, multiple disturb- 
ances of, and unusual auricular 
T wave in ease of myocardial in- 
farction (Miller and Perelman), 
501 

bigeminal, persistent ventricular, in ap- 
parently normal hearts, 659* 

E-E interval, cycle length, duration of P-E 
interval and its relationsliip to 
(Schlamowitz), 473 
duration of Q-T interval and its 
relationship to (Schlamowitz), 
329 

duration of T-P interval and its 
relationship to (Schlamowitz), 
464 

Eubella, maternal, congenital defects follow- 
ing, 256* 

S 

Salicylate therapy, effect of, on Weltmann 
serum coagulation reaction and 
its use as prognostic test in 

rheumatic fever, 656 

Salt depletion and dehydration, hemody- 
namic changes in, 660* 

Scarlet fever, transitory A-Y block occur- 
ring during (Paul et al.), 138 

Scrub typhus, congestive heart failure in 

(Levine), 325 

fever, electrocardiographic changes in 

(Hollander), 481 

pathologic study of thirty-one cases 
of, with especial reference to 

cardiovascular system (Levine), 
314 

hemorrhagic phenomena in (Levine), 
325 

pathologic changes in heart and other 
organs in (Levine), 315 

question of residual cardiac damage in 
(Levine), 326 

Sensations, subjective, associated with ex- 
trasystoles, stud}’ of (Kline and 
Bidder), 255 

Septicemia, Staphylococcus aureus, and peri- 
carditis treated with penicillin 
(Zimmerman and Durgin), 93 

Serum thiocyanate, relationship of blood 
pressure and, 385* 

Shape, size and, of T wave, effect of exer- 
cise on (Dehn et ah), 188 
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Shock, hemorrhagic, dehiiition and criteria 
for its diagnosis, G60* 
tiaumatic, in man, electrocardiograms in, 
244 ^ 

Sliudder, carotid, 379“^ 

Sinoatrial, interatrial and, block, witli illus- 
trative ease (Decherd et al.), 352 

Sinus arrliythmia and respiratory variation 
of ballistocardiogram, 659"^ 
carotid, stimulation,' hemiplegia following 
_(Askey),_131 

hj’peractive carotid, reflex, angina pec- 
toris, and myocardial infarction, 
case report of similar symptoms 
produced by (Glenn and Bead), 
792 

Size and shape of T wave, effect of exer- 
cise on (Dehn et al.), 188 . 

Skin and' rectal temperatures, effect of 
splanchnic resection on periph- 
eral blood flow and, in hyperten- 
sion (Stewart et al.), 728 
of lower extremities, rate and control of 
blood flow through (Goetz), 146 
sensitivity, intolerance as shown by; mer- 
curial diuretics, 378* 

temperatures in hypertension, peripheral 
blood flow and (Stewart et al.), 
617 

Smith, Fred M., 253 

Sodium restriction in diet for hyperten- 
sion, 112* 

salicylate, fatal tlirombocytopenic purpura 
due to, 242* 

treatment of acute rheumatic fever with 
large doses of, with special refer- 
ence to dose management and 
toxic manifestations, S02 ' 

South Pacific malaria, experience with 
(Sprague), 428 

Sphygmomanometer, differences in blood 
pressure values determined by in- 
flating and deflating cuff of 
(Cunningliara), 220 

Spinal anesthesia, high, effect of, on blood 
pressure of patients with hyper- 
tension and far-advanced renal 
disease — ^its possible relationship 
to patliogenesis of hypertension 
(V) ; studies in hypertension, 379* 

Splanchnic resection, effect of, on periph- 
eral blood flow and rectal and 
skin temperatures in hj^pertension 
(Stewart et al.), 728 

Stab wound of heart and pericardial ef- 
fusion or empyema, pericardial 
tamponade from; study utilizing 
method of right heart catheteriza- 
tion (Warren et al.), 418 

Staphylococcus aureus septicemia and peri- 
carditis treated with penicillin 
(Zimmerman and Durgin), 93 

Stenosis, congenital tricuspid, 525* I 

mitral, and arterial hypertension, 805* 
pure congenital pulmonary (Freed and 
Budnitz), 369 


Stimulation, carotid sinus, hem.pleg'a fol- 
lowing (Askey), 131 
of cardiovascular receptors, paroxysmal 
pulmonary edema consequent to 
(Luisada and Sarnoff), 270. 282, 
293 

Streptococcus, hemolytic, sore throat, ab- 
normalities in electrocardiogram 
following, 658* 

infection and rheumatic fever, some ex- 
perimental aspects of, 110* 
s.b.e. in subacute bacterial endocarditis, 
383* 

Subendocardial and endocardial degenera- 
tion, mural thrombi, and throm- 
boses of thebesian veins, presence 
and pathogenesis of, in cardiac 
failure from causes other than 
myocardial infarction (Flynn and 
Mann), 757 

Subjective sensations associated noth extra- 
sjmtoles, study of (Kline and 
Bidder), 254 

Sulfadiazine, prevention of rheumatic re- 
currences in children bv use of, 
379* 

Sulfathiazole, prevention of rheumatic re- 
currences in children bj' use of, 
379* 

Surgical ablation of sinus node, three ob- 
servations on chronic experimental 
nodal rhythm by, 804* 
correction, experimental studies regard- 
ing; coaictation of aorta. 112* 
for coarctation of aorta, 380* 
ligation in patient with patent ductus 
• arteriosus complicated by pres- 
ence of multiple congenital car- 
diac defects, cure of subacute 
bacterial endarteiitis bv (Zieg- 
ler), 231 

management of peripheral vascular dis- 
orders, 805** 

procedures, convalescence f i om ; I. Stud- 
ies of ciiculation lying and 
standing, of tremor, and of pro- 
gram of bed exercises and early 
rising, 249* 

11. Studies of various physiological 
responses to mild exercise test, 
249* 

relief for tracheal obstruction from vas- 
cular ring, 113* 

therapy of patent ductus arteriosus, 110 
treatment, congenital coarctation of aorta 
and, 381* 

consideration of two cardiac diseases 
amenable to, 243 ' 
of arterial hypertension, 521* 
of essential hjqjertensive cardiovascular 
disease in man, experiences with, 
245* , 

plivsiopathology and, of congenital 
cardiovascular defects, 519* 
Svmpathectomized extiemities, blood flow in 
( Goetz) , 1 68 
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Sympathotoiuy, bilateral cervical vagotomy 
and, in rat under etlier anes- 
thesia (Reiclisinan), 595 

Syndrome, anginal, treatment of, with thio- 
uracil, 247^ 

superior vena cava; report of thirty-live 
cases (Hussey et al.), 1 
Wollf-Parhinson -White, and related prob- 
lems, 108^ 

System, cardiovascular, pathologic study of 
thirty-one cases of scrub typhus 
fever with especial reference to 
(Levine), 314 

Systems, circulatory and respiratory, certain 
elfeets of positive pressure res- 
piration on (Carr and Essex), 33 

T 

T Avaves, unstable, in Leads II and III in 
persons with neurocirculatory 
asthenia (Wendkos and Logue), 
711 

unusual auricular, multiple disturbances 
of rhythm and conduction and, 
in <“.ise of myocardial infarction 
(Miller and Pcrelman), 501 

Tachycardia, paroxysmal, abnormal electro- 
cardiogram following reeoA-ery 
from (Ward), 645 
ventricular (Freundlich), 557 
transient bundle branch block associated 
Avith (Eichert), 511 

ventricular — report on ten cases, eight 
of Avhich Avere treated AA’ith quini- 
dine Avith recOA'ery in seA'Cn, 111" 

Tamponade, cardiac, congenital defect of 
aortic vestibule complicated by 
bacterial endocarditis Avith per- 
foration and death from (Medalia 
and Hrapiewski), 103 
pericardial, from stab Avound of heart and 
pericardial effusion or empyema; 
study utilizing method of right 
heart catheterization (Warren et 
ah), 418 

Temperatures, rectal and skin, effect of 
splanchnic resection on peripheral 
blood floAV and, in hj-pertension 
(StCAA-art et ah), 728 
in hypertension, peripheral blood floAv 
and (StcAA-art et ah), 617 

Tetralogy of Fallot, case of, 109^ 

Thebesian A’eins, thromboses of, endocardial 
and subendocardial degeneration, 
and mural thrombi, presence and 
pathogenesis of, in cardiac fail- 
ure from causes other than myo- 
cardial infarction (Flynn and 
Mann), 757 

Therapeutic value of early pjiysical activ- 
ity in rheumatic fever, prelimi- 
nary report, 384^ 
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centimeters of air were injected into the pericardial sac. Immediately after pericardiocentesis, 
metalic tinkles were heard, and the friction rub was prominent. The latter disappeared nine 
days later. The patient did well following this procedure, but there was a persistent 
tachycardia, varying from 100 to 130 per minute, while at rest in bed. The tachycardia 
gradually subsided, and the course of convalescence was essentially uneventful thereafter. 
The blood pressure was always between 100/70 and 120/80. The temperature was 102.2° P. on 
admission. There was a slight fluctuation between 99° and 102° F. for eight days and it was 
normal thereafter. The venous pressure was 10.5 cm. of blood on the fourth hospital day 
and rose to 20 cm. on the ninth hospital day. A total of 25 Gm. of sulfathiazole was given 
during the first week. Since there was no clinical improvement, the drug was discontinued. 

Laboratory Findings, — The white blood cell count which was 16,400 per cubic millimeter 
on admission, rose to 27,400 on the seventh day, and gradually returned to normal. The dif- 
ferential count showed 85 to 95 per cent polymorphonuclear leucocytes. The red blood cell 
count was 4,250,000 per cubic millimeter with 85 per cent hemoglobin. The highest sedimenta- 
tion rate was 27 mm. per hour. The sputum was negative for tubercle bacilli on three "oc- 
casions. The blood serologic test was negative. The pericardial fluid contained a large num- 
ber of red blood cells, occasional lymphocytes, and serosal cells. The stain and culture for 
acid-fast and nonspecific organisms were sterile. A guinea pig inoculation was negative 
for tuberculosis (Fig. 1). 

XSay Examvnatio7is. — On March . 14, 1943, tlie transverse cardiac diameter measured 
15.7 centimeters. There was fullness and prominence of the left ventricle, and the right 
cardiodiaphragmatic angle was obtuse. The hilum shadows were accentuated, and there were 
heavy peribronchial vascular markings radiating into the limg field. The cardiothoracic ratio 
was 65 per cent. Following the pericardial tap, the heart size seemed to be within normal 
limits. The pericardium was well visualized and appeared to be considerably thickened. 
On May 30, 1943, the transverse diameter of the heart measured 12.2 cm. and was essentially 
normal in size and shape. 

ElectroeardiographtG Findings. — On March 12, 1943, there was some straightening of 
the S-T segments in Leads I and II, but no significant elevation. The Qa measured 1% mm., 
and Ta was inverted. On March 29, 1943, the descending limb of Tj was diphasic. The Tj was* 
inverted, and T, was isoelectric. On May 19, 1943, the T, was upright, T. was diphasic, and 
Ta was inverted (Fig. 2). 

Case 2. — A 28-year-old white man was admitted to the hospital on March 13, 1943. 
About 3:00 a.m. on the day of admission, the patient was awakened with a severe pain in the 
chest and left upper abdomen. The pain was agonizing in character and made worse by 
deep inspiration or by attempting to lie fiat in bed. Belief was obtained by sitting up and 
crouching forward. A sore throat was present five days prior to admission. 

Physical Examination. — The patient was acutely ill, the skin was cold and clammy, and 
the blood pressure measured 110/70. There was a loud pericardial friction rub present over 
the entire precordium but most intense at the apex. Tlie remainder of .the physical exam- 
ination was essentially negative. 

Cmirse. — The pericardial friction rub remained for about twelve hours after admission. 
The liver became palpable after twenty-four hours and was slightly tender. The temperature 
varied from normal to 102° F. for about two weeks, after which a low-grade fever to 99.6° F. 
persisted until the fifth week of illness. The liver remained palpable for several weeks. Con- 
valescence was slow but finally complete. 

X-Bay and Fluoroscopic Examinations. — On March 14, 1945, the heart was symmetrically 
enlarged in all directions with encroachment on the posterior clear space. Fluoroscopy re- 
vealed feeble cardiac pulsations on admission vith progressive improvement in the amplitude 
of the ventricular systole as the patient improved. 

Electrocardiographic Findings. — On March 13, 1944, there was an elevation of the S-T 
segments in Leads I and II of 1 and 2 mm., respectively. The S-T< was straight. On March 
15, 1944, there was a slight increase in the elevation of the S-T, and the S-T.. On March 22, 
1944, the descending limbs of T, and T, showed a diphasic tendency. By March 29, 1944, T„ 
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Tj, and T3 were inverted. An electrocardiogram taken on May 19, 1944, was essentially nor- 
mal except for the low voltage of T- and an isoelectric Ts (Fig. 3). 

Case 3. — A 21-year-old wliite man was admitted to the hospital on July 20, 1943. He 
became ill on June 11, 1943, with acute nasopharyngitis, at which time he was admitted to 
the hospital and treated with a total of 28 Gm. of sulfathiazole. The recovery was uneventful. 
The chest was negative at the time of discharge from the hospital on July 2, 1943. On read- 
mission, he complaine(^ of seveie, substernal pain which was aggravated by the slightest motion 
and by deep inspiration. On the first hospital day, the patient was acutely ill with a tem- 
perature of 102'’ F. and a mild cyanosis of the lips and fingernails. The severe pain in the 
chest persisted and spread to the left side. Nineteen days after admission, fluid developed in 
the left thorax. Four hundred cubic centimeters of slightly cloudy amber fluid w'ere removed. 
The precordial pain persisted, although no pericardial friction rub was heard. There was 
gradual decrease in the size of the heart, and the patient made an uneventful recovery. The 
temperature fluctuated from 100° to 102.2° F. several days before returning to normal. 



Fig-. 4. — Case 3. Marked enlargement of the cardiac shadow and return to normal. 
The cardiodiaphragmatic angles are obscured by marked congestive changes in the film taken 
on July 23, 1943. 


Laboratory Findings . — ^The white blood cell count was 12,000 per cubic millimeter wdtli 
79 per cent polymorphonuclear leucocytes and 17 per cent lymphocytes. The red blood cell 
count was 4,940,000 cubic millimeters with 94 per cent hemoglobin. The leucocyte count rose 
to 22,600 on the sixth hospital day and gradually returned to normal. The nonprotein nitrogen 
of the blood was 48.4 mg. per cent. The blood culture was sterile. The highest sedi- 
mentation rate was 8 mm. per hour. The pleural fluid had a specific gravity of 1.015 -with 
3,200 wliite blood cells per cubic millimeter. The differential count of the pleural fluid 
showed 85 per cent lymphocytes and 14 per cent peljunorphonuclear leucocytes. The stained 
film, culture, and guinea pig inoculation showed no evidence of tuberculosis after eight weeks. 

X-Bay and Flnoroscopic Examinations . — On July 23, 1945, the transverse cardiac di- 
ameter measured 16.1 centimeters. The left border of the heart was somewhat convex in the 
region of the left auricle and the pulmonary conus. The cardiodiaphragmatic angles were 
not clearly defined. Evidence of congestive changes in both hilar regions was present. 
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FIuoroFcopy revealed a verj- slight pulsation of the left ventricular svstole. On Sept. 11, l()i3, 
the transverse cardiac diameter measured 12.3 centimeters. The heart and lung lields vvere 
mtliin normal limits (Fig. 4) . 

Electrocardiographio Findings . — On July 21, 1943, there was straightening of the S-T 
segments in Leads I and II with slight elevation of S-Tj and S-T.. There was a gradual re 
versal of the axis of Tj and T- to negativit}- by Aug. 10, 1943. On Oct. 20, 1943, T, was still 
low in voltage (Fig. 5), 
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scopic examination showed laked red blood cells, a few polymorphonuclear leucocytes, and an 
occasional monocyte. The film and culture were sterile. The inoculated guinea pig was nega- 
tive for tuberculosis. 

X-'Ray and Fluoroscopic Examinations. — On Sept. 13, 1943, the transverse cardiac di- 
ameter was 19.5 centimeters. There was a “water bottle" configuration of the cardiac shadow 
with fullness of both lower heart borders and straightening of the left cardiac waistline. The 
cardiothoracic ratio was 19.5 : 31.5 centimeters. The lung fields were essentially clear except for 
some generalized accentuation of the bronchovascular markings (Fig. 6). Fluoroscopy revealed 
feeble cardiac pulsations along the left cardiac border and some fullness posteriorly in the 
left oblique position. Considerable broadening of the supercardiac shadow was noted in the 
Trendelenburg position. On Oct. 18, 1943, the heart and lung fields were essentially normal. 
The transverse cardiac diameter measured 13.4 cm. (Fig. 7) . 

Electrocardiographic Findings. — On Sept. 15, 1943, the T. and T 4 waves showed low 
voltage, and T, was slightly inverted. Thereafter Tj, Tj, and T^ showed progressive inversion. 
On Oct. 29, 1943, the descending limb of T. was diphasic, and the voltage of Tj was low. 

Case 5. — A 32-year-old w'hite man was admitted to the hospital on Jan. 18, 1944. One 
rveek prior to admission he developed a “cold" lind sore throat followed by substemal pain 
which was severe at times and accentuated by cough, by deep inspiration, or by motion of the 
body. The pain lasted three or four days. The past history was essentially negative. 

Physical Examination. — The apex of the heart was percussed 11 cm. from the midstornal 
line in the fifth intercostal space. The sounds were slightly distant, but no murmurs were 
present. The rhythm was regular, the heart rate w'as 100 per minute, and the blood pressure 
was 120/75, 

Course . — ^Nine days after admission a pericardiocentesis was performed and 175 c.c, of • 
hemorrhagic fluid were removed, ‘Seventy-five cubic centimeters of air were injected into the 
pericardial sac. Much fluid remained, however, after this aspiration. On the twelfth hospital 
day a friction rub was heard over the xiphoid and at the base of the heart in the midstemal 
line. It was present for six days. Fluoroscopy of the heart showed almost complete refilling 
of the pericardial sac with complete resorption of air. There was progressive diminution of 
the heart shadow thereafter, and the pulsations gradually increased in force and amplitude. 
The patient was discharged to furlough on May C, 1944. Upon returning, there was a 
recrudescence of sjunptoms. Fluoroscopy of the heart showed a recurrent pericardial elTusion. 
Spontaneous subsidence of this phase of illness occurred tiventy -seven days later. 

Laboratory Findings. — The highest white blood cell count was 8,500 per cubic millimeter 
with an essentially normal differential count. The erythrocytes numbered 4,150,000 per cubic 
millimeter with 85 per cent hemoglobin. The highest sedimentation rate was 21 mm. per hour. 
The pericardial fluid was hemorrhagic with a hematocrit of 6, The fluid contained mo.stly 
lymphocytes, many red blood cells, and an occasional polymorphonuclear leucocjfe. The slide 
film and culture of the fluid were negative. A guinea pig inoculation with the fluid was 
negative for tuberculosis. 

X-Eay Findings. — On Jan. 25, 1944, the transverse cardiac diameter measured 18.3 
centimeters. The heart was globular in shape. The hilum markings wore accentuated. On 
Jan. 28, 1944, after pericardiocentesis, there was a moderate amount of air in the pericardial 
sac along the left heart border, hloderate accentuation of the hilum markings persisted. 
On Juno 28, 1944, the transverse cardiac diameter measured 14.4 centimeters. The heart was 
essentially normal, although accentuation of the right hilum shadow was still evident (Fig. 8). 

Electrocardiograhpic Findings. — On Jan, 22, 1944, there was slight elevation of the S-T 
segments in Leads I and II. On Feb. 3, 1944, T, was inverted. The S-Tj w’as straight with 
an elevation of 1 millimeter. On Feb. 20, 1944, T, was low in voltage but upright. Tj and % 
were inverted. On April 10, 1944, the electrocardiogram was essentially normal (Fig. 9). 

Case G. — A 31-year-old white man was admitted to the hospital on Jan. 20, 1944. S® 
was well until forty-fivo days before admission, when ho developed malaise, fever, slight cough, 
and vague fleeting cliest pains. In the latter part of November, 1943, he developed a “cold” 
which did not subside. On Dec. 25, 1943, he was seized with .=evere substemal pain which did 
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not radiate. It was aggravated by inspiration or motion. The pain was frequently relieved 
by sitting forward. There was a loss of 15 pounds of weight prior to ho'spitalization. The 
past liisfory was essentially negative. 

Physical Exammation . — The heart .sounds wore somewhat muffled, but otherwise not 
remarkable. There was no pericardial friction rub. The liver was palpable 4 cm. below tlie 
costal margin in the anterior axillarj- line. The remainder of the physical e.\-amination nas 
essentially negative. The blood pressure wms 115/90. 

Course . — The patient was observed until Feb. 24, 1944, when he was transferred to a 
general hospital. There was gradual improvement, although the liver remained palpable and 
slightly tender. After the fourteenth hospital day, the muffled heart sounds disappeared. 
Thereafter, the sounds were essentially normal. 



Figr. 9 — Case 5. There is progressive inversion of Ti anJ Ti in tiie first two tracings with 

subsequent return "to normal, 

Lajboratoiy Findings . — ^Tho leucocyte count wa.s 12,400 per cubic millimeter on adin'!; 
sion with an essentially normal differential count. The erj-throcytes numbered 4,500,000 
cubic millimeter writh 95 per cent hemoglobin. The sedimentation rate was Jo mm. per hour 
on admission and remained at that level throughout his illness. 

X-Eay and Fluoroscopic Examinations . — On Jan. 29, 1944, there was symmetrica! cu" 
largcment of the heart with fullness of the left cardiac border. The transverse diameter ot 
the heart mea'^ured 10.5 centimeters. The cardiothoracic rathj was 0.05. On Feb. 15, 1944, 
there was regression of the heart size to norma] limits, lioutinc fluoroscopic examination re- 
vealed an absence of cardiac pulsations during the first fourteen days of hospitalization with 
subsequent return to normal pulsations thereafter. 

Electrocardiographic Findings . — On Jan. 5, 19-44, fifteen days prior to admission, an 
electrocardiogram was essentially negative. Seven days after admi.s«ion, Jan. 27, 1944, Ti 
was slightly inverted while T. and Tj were inverted. There were notching and low voltage of 
T,. On .Tan. 31, 1944, the T waves were inverted in the limb leads while T, showed notching- 
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lie blood 


. , There is a progressive decrease in the voltage of Ti and Tj. Note 

straightened S-T segments in Leads I and II of electrocardiograms taken on May 6, lOHi 
and May 9, 1944. 


Course . — Soon after admission the precordial pain disappeared. A pericardiocentesis 
was performed two days after admission, and 10 c.c. of clear amber fluid were removed. 
On the eleventh hospital day, the patient complained of pain in the left chest, and a 
small amount of fluid was found at the left costophrenic angle. This cleared within a few 
days, and the subsequent course was uneventful. The temperature varied from 100° to 102° F. 
for five dej-s and was norm.al thereafter. 

Laboratory Findings . — The highest leucocyte count was 20,000 per cubic millimeter with 
92 per cent neutrophiles and SO per cent Ij-mphocjdes. The highest sedimentation rate was 
25 mm. per hour. The urinalysis was negatu-e. The pericardial fluid showed a cell count of 
1,000 per cubic millimeter with 90 per cent polymorphonuclear leucocytes and 4 per cent 
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lymphocytes. The slide film and culture of the fiuid were essentially negative. Guinea pig 
inoculation with fluid was negative for tuberculosis (Fig, 11). 

X-Bap and Fluoroscopic Examinations.~On April 27, 1944, the heart was enlarged to 
the left with no characteristic clxanges in contour. The transverse cardiac diameter measured 
17.3 centimeters. The cardiothoracic ratio was 0.56. The lung fields were clear. On 
fluoroscopy, markedly diminished pulsations were present, and a posterior bulge of the peri- 
cardium was noted in the left oblique and lateral views. On May 15, 1944, the heart was 
normal in size and shape. The transverse cardiac diameter measured 14.7 centimeters. 

ElectrocardiographiG Findings.— On April 28, 1944, Qj measured 3.5 millimeters. T, 
was inverted; S-T, was slightly straighter than usual. On May 3, 1944, there was a decrease 
in the voltage of T, and T,. Tj was less inverted, and then measured 2 millimeters. On May 6, 
1944, there was a low voltage of T, and T. with straightening of the S-T segments in Lead II. 
On May 9^ 1944, there was no change in the electrocardiogram (Fig. 12). 
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Fig-. 13. — Case 8. There is progressive inversion of the T waves in all leads. Electrocardio- 
gram of July 15, 1944, was taken after complete clinical recovery. 

Case 8. — ^A 33-year-old white man was admitted to the hospital on May 14, 1944. He 
became ill about four days prior to admission with substernal pain accentuated by deep in- 
spiration and change of position particularly when recumbent. There was no definite history 
of an upper respiratory infection, although cough was present at the onset. The pain sub- 
sided slightly before admission to the hospital. 

Past History . — ^He had had measles, mumps, and cliicken pox in cliildhood. An ap- 
pendectomy was performed in 1933. There were gonorrheal infections in 1930 and 1937. 
There was no liistory of rheumatic fever or tuberculosis. 

Physical Examination . — There was a to-and-fro pericardial friction rub heard over the 
sternum at the level of the fourth rib in the raidstemal line. The remainder of the physical 
examination was essentially negative. 
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Course— A. pericardiocentesis was done on aiay 25, 1944, and 3 c.c. of hemorrlmgic 
fluid was obtained. This was repeated the next day, and 40 c.c. of similar fluid was recovered. 
A pericardial friction rub was present the first seventeen days of illness. Thereafter, the 
substemal pain disappeared, and the cardiac shadow receded to normal size. On the thirtv- 
fourth hospital day, there was a recrudescence of fever and substemal pain. A friction nib 
was again heard over the left sternal border. The liver was felt 1 fingerbreadth below the 
costal margin in the anterior axillary line. Five days later the pericardial friction nib dis- 
appeared ; the symptoms subsided, and recovery was uneventful. 

Laboratory Findings. — The highest leucocyte count was 6,000 per cubic millimeter with 
64 per cent neutropliiles, 22 per cent Ijanphoeytes, 10 per cent monocytes, and 4 per cent 
eosinophiles. The white blood cell count varied between 6,000 and 3,800 per cubic millimeter. 
The erj’throcytes numbered 4,400,000 per cubic millimeter with 85 per cent hemoglobin. The 
serologic test for sj-philis was negative. The highest sedimentation rate was 20 mm. per 
hour. The pericardial fluid contained 695,000 red blood cells per cubic millimeter with a 
hematocrit of 6. There was evidence of old hemolysis. The slide film and culture of the 
fluid were negative. Guinea pig inoculation with the fluid was negative for tuberculosis. 

X-Bay and Fluoroscopic Examinations. — On May 19, 1944, the heart was quite large 
with fullness of both lower cardiac borders and in the region of the pulmonary conus. On 
May 25, 1944, fluoroscopy showed diffuse^ enlargement of the heart shadow to the right and 
left with marked diminution in the amplitude of the ventricular systole. In the lateral view 
there was prominent bulging posteriorly. In the Trendelenburg position, the retrosternal 
width increased about 2 centimeters. On May 27, 1944, after pericardiocentesis, there was a 
small amount of air visible along the left border of the heart. On May 31, 1944, fluoroscopy 
showed a uniform enlargement of the cardiac shadow in all views with marked 'diminution 
in all pulsations. On June 13, 1944, there was a slight prominence of the pulmonary conus 
but no evidence of pericardial effusion. The heart was essentially normal. Subsequent x-ray 
films taken on July 12, July 19, and July 24, 1944, showed the heart to be normal in size. 

Electrocardiographic Findings. — On May 19, 1944, there was slight elevation and 
straightening of the S-T segments in Leads I and II. Tj was isoelectric. On May 27, 1944, 
T, was isoelectric. T. showed low voltage; Tj was diphasic. On June 2, 1944, the T waves 
were inverted in Leads I and II; T< was slightly inverted. On June 19, 1944, T, was upright 
but low in voltage. T. and T, were markedly inverted with slight depression of S-Tj and 
S-Tj. T< was upright. On July 15, 1944, the electrocardiogram was essentially normal 
(Fig. 13). 

REVIEW OF CASES 

Seven of the eight patients 'were admitted to the hospital during the months 
of high I’espiratorj' incidence (Table I). In case 3 the patient was admitted 
during July, 1943, but there was a history of acute nasopharyngitis nine dap 
before admission. In six eases there was an unequivocal liistoiy of tonsillitis, 
pharyngitis, or nasopharyngitis. Two patients (Cases 4 and 8) had a nonpro- 
ductive cough but no history of an antecedent upper respiratory infection. 

Evidence of our diagnoses was manifested by a pericardial friction rub m 
five cases associated with severe substemal pain which was the initial complaint 
in each. The highest leucocyte counts varied from 6,000 to 27,400 per cubic 
millimeter. In five of eight eases, x-ray films ivere available for mensuration, 
while films in Cases 2 and 8 were not obtainable from the Veterans’ Admin- 
istration files. The measurement of the transverse cardiac diameter was 
possible in one original x-ray film in Case 1. Significant recession of cardio- 
pericardial shadow is demonstrated in the illustrations in Cases 1, 3, 4, 5, and i- 
Pericardiocentesis was perfoimed in five cases. The fluid was hemorrhagic m 
four patients and clear amber in one. The red blood cells were hemolyzed, and 
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Table I. Summary op Cases op Pericarditis With Eppusion 





PRE- 




1 PERICARDIAL FLUID 



RESPIRA- 

CORDIAL 


LEUCO- 

HEART 


FILM 


DATE OF 

TORY 

FRIG- 

SUB- 

CYTES 

DI- 


culture 

1 

ADMIS- 

INFEC- 

TION 

STERNAL 

(PER CU. 

ameter 


GUINEA 

ase ' 

SION 

TION 

RUB 

PAIN 

MM.) 

(CM.) ^ 

sediment 

PIG 

1 

3/11/43 

Yes 

Yes 

+ + + + 

27,400 

15.7 

Reddish amber; laked 

0 








E.B.C.; occasional lymph- 
ocj-tes and serosal cells 


2 

3/13/43 

Yes 

Yes 

+ + + + 



No 


3 

7/20/43 

Yes 

No 

+ + 

22,600 

16.1 

No 







12.3 



4 

9/13/43 

No 

Yes 

+ -1 + + 

11,000 

19.5 

Hemorrhagic fluid; laked 

. 0 



(Cougli) 




13.4 

E.B.C.; hematocrit 10; 
few polys; occasional 
monocytes 



S 

1/18/44 

Yes 

Yes 

+ + + + 

8,500 

18.3 

Hemorrhagic fluid; laked 

0 







14.4 

E.B.C., lymphs, and occa- 









sional polys; hematocrit 6 

6 

1/20/44 

Yes 

No 

+ + + + 

12,400 

16.5 

No 


7 

4/26/44 

Yes 

No 

+ -1 + + 

20,600 

17.3 

Clear yellow fluid; cell 

0 


- 




14.7 

count 1,000 per cubic 
millimeter with 96 per 










cent polys; 4 per cent 
lymphs 

0 

8 

5/14/44 

No 

Yes 

*f* *f 

6,000 


Hemorrhagic fluid; laked 


(Gougli) 





R.B.C. ; B.B.C. count 
695,000; hematocrit 6 




the hematocrit varied from 6 to 10. Slide film, culture, and guinea pig inocula- 
tion. of the pericardial finid were negative for bacteria in all cases. 

The commonest change in the electrocardiograms was a progressive in- 
version of the T waves, straightening of the S-T segments in seven cases, and 
the elevation of the S-T segments (0.5 to 2 mm.) in five cases. 

COMMENT 

Reports concerning the association of acute pericarditis with effusion to 
upper respiratory infections are not numerous. Willius^ reported a single case, 
of acute serofibrinous pericarditis following acute pharjoigitis which he believed 
is a common form of pericarditis. The nature of the infecting organism was 
thought to be a streptococcus invading the pericardium. Levine^ referred to a 
type of pericardial effusion due to a streptococcus infection but the effusion, 
however, was purulent. He considered the clinical condition a part of a general- 
ized streptococcal infection 'which was associated especially with an antecedent 
sore tliroat. He also considered a virus infection as a possible etiological factor 
which does not produce' empyema, shows no stigma of rheumatism, but resembles 
acute coronary occlusion. Wolff'* reported five cases of pericarditis during an 
acute upper respiratory infection. Three cases were associated wfith atypical 
pneumonia. 

In considering the pathogenesis of this condition in this series, two possi- 
bilities are considered: (1) The proximity of the hilum lymph nodes with ex- 
tension of the infection into the pericardial sac. (2) A hypersensitive response 
by the pericardium to an offending organism in which the innnune reaction of 
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the bodj’- is inadequate. This parallels the present accepted explanation of a 
hypersensitive reaction on the part of the heart and serosal linings of the joints 
in the rheumatic fever state. 

The latter concept seems more plausible because the pericardial fluid was 
sterile and nonpurulent in the five eases in which pericardiocentesis was per- 
formed, A virus as the cause is not seriously entertained in this series since the 
leucocyte counts ranged as high as 27,400 per cubic millimeter. 

The reports of necropsy records concerning pericarditis reveal interesting 
figures relative to the incidence of the disease. Smith and Willius,® reviewing 
8,912 eases from the necropsy records of the Mayo Clinic, found 373 cases of 
pericarditis, or an incidence of 4.2 per cent from all causes. Seventy-one cases, 
or 49.3 per cent of 144 cases of adherent pericarditis, were of unknown etiology. 
They referred to the possibility that acute fibrinous pericarditis may take place 
as a result of an apparently trivial infection, which is not recognized at the time 
of occurrence and which may undergo spontaneous abatement, resulting in 
partial or complete obliteration of the pericardial sac. This is borne out by 
the fact that only 57 cases, or 39.5 per cent of their series, presented complaints 
that made the heart a major factor in the clinical picture. It is possible in the 
light of our series that an antecedent upper respiratory infection of mild or sub- 
cUnical type may have been the etiological factor in some of their cases. Since 
in two of our cases a history of upper respiratory infection wms not obtained, a 
subclinical antecedent carrier state may have existed, such as we now believe to 
be possible in many patients mth rheumatic fever. If the preceding facts are 
true, clinical evaluation of mild or moderate precordial pain following in the 
wake of an acute upper respiratory infection takes on important clinical signifi- 
cance in that the symptoms may be due to a mild acute peiicarditis. 

Hard and fast conclusions cannot be made from this small series of eases, 
but it might be inferred that an antecedent upper respiratory infection without 
intrapulmonary disease may be an important predisposing cause of pericarditis 
with effusion. 

SUMMARY 

1. Eight cases of pericarditis with effusion following acute upper respira- 
tory infection without intrathoracic disease are presented. 

2. The relationship of acute upper respiratory infection of mild or sub- 
clinical type to partial or complete obliterative pericarditis found at autopsy 
is suggested. 
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HBMIPLEaiA FOLLOWING CAROTID SINUS STIMULATION 

John Martin Askey, M.D. 

Los Angeles, Calie, 

T he California Heart Association several years ago asked its members to 
pool their experiences in regard to untoward reactions from carotid sinus 
stimulation. Seven instances of hemiplegia wliieh occurred immediately after 
carotid sinus stimulation were reported by members of the association. This 
communication, therefore, is submitted as a joint report. 

Mechanical stimulation of the carotid sinus is now a common clinical diag- 
nostic procedure and is accepted as a routine in complete neurological exam- 
inations. No serious untoward effects ordinarily occur. It is 'the purpose of 
this communication to describe these seven cases, to emphasize that this pro- 
cedure is not always without danger, and to discuss the implications of the 
findings in relation to the mechanism of the carotid sinus reflex. In addition, 
several unusual, previously undescribed clinical manifestations of carotid sinus 
sensitivity are reported. One patient for years had had spontaneous, transient 
attacks of right-sided hemiplegia and dizziness. In this patient, right hemiplegia 
was reproduced by left carotid sinus stimulation. The preceding episodes of 
transient paralysis thus were a result, we believe, of spontaneous stimulation 
of the carotid sinus. Another patient suffered mental lapses, disorientation, and 
dizziness. These spontaneous attacks were duplicated by carotid sinus stimu- 
lation. 

In September, 1941,* Marmor and Sapirstein^ reported the case of a patient 
who developed bilateral thrombosis of the anterior cerebral arteries following 
stimulation of a hypersensitive sinus. Levine^ reported a single instance of 
hemiplegia after the procedure. The most complete study of hypersensitivity 
of the carotid sinus was done by Weiss and his collaborators.^ The clinical 
manifestations described were dizziness and syncope with or without convul- 
sions. No instances of transient or persistent hemiplegia were described. 

Ten instances of untoward response are reported in this study. Of these 
ten cases, only seven presented sufficient evidence to be certain that the hemi- 
plegia was a direct result of mechanical stimulation of the carotid sinus. It is 
possible that in two other cases hemiplegia occurred as a direct result of the 
stimulation of the carotid sinus, but, in one (Case 8), twenty-four hours 
elapsed after stimulation before hemiplegia appeared, and in another, not re- 
ported here, the data were not sufficient. 

The folloTTing- members of the California Heart Association" contributed material for 
this report: Louis B. Martin, Harold H. Kosenblum. Myron Prinzmetal, E. Richmond Ware, 
Lewis T. Bullock, Perrall H. Moore, Lester S. Lipsltch, 'William C, Bocck, Donald J. Prick, 
Morris H. Nathanson, and Edward C. Rosenow. Miss Marjorie Edwards, Executive Secre- 
tary, assisted In compiling the data. 

Received for publication June 3, 1945. 
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Case 1. A white man, aged 60 years, a laborer, was admitted to the Los Angeles County 
General Hospital, complaining of dizziness and frequent attacks of faintness without loss of 
consciousness. These symptoms were precipitated by moving the head quickly from side to 
side, or by suddenly sitting up. He had experienced severe nausea but no vomiting or com- 
plete loss of consciousness. The physical examination showed a well-nourished and well- 
developed, florid man of sthenic habitus. No unusual sclerosis of the large arteries was 
noticed. The retinal arteries showed slight tortuosity and venous compression. Moderate 
pressure on the right carotid sinus was performed while the patient was sitting. This was not 
believed to be sufficient to obliterate the artery completely. The following ijote describes the 
succeeding events: Within approximately forty-five seconds the patient complained of dizzi- 
ness. The pressure immediately was released. Ventricular standstill was noted for about 
fifteen seconds. He did not become unconscious at any, time. Examination immediately after- 
ward revealed the following significant findings: The patient was confused. There was left 
facial palsy. The left pupil was slightly larger than the right. Slight deviation of the 
tongue to the left was noted. There was flaccidity and weakness of the left arm and leg. 
The reflexes of the left upper extremity were absent. The left patellar reflex was hjq)er- 
active and the patient had a left positive Babinski reflex. Improvement in mentality began 
flve days later when he was more alert, and on the next day some movement was noted in the 
left leg. Two wneks later some motor fimction was present in the left hand. He was gen- 
erally stronger with increasing use of tlie left leg. Five weeks later he was walking about the 
ward, and on discharge, six weeks after the onset, there was only slight remaining weakness in 
the left arm and leg. 

Case 2. — A 60-year-old man, treated at the outpatient department of the Lane Hospital 
of the Stanford University School of Medicine in San Francisco, had sj'philitic aortitis with 
aortic insufficiency and mild hj^^rtension. He began to have dizzy spells while shaving. Right 
carotid sinus pressure produced some slowing -of the heart with definite reproduction of the 
dizziness. Ten to fifteen minutes after carotid sinus stimulation, the patient was unable to 
walk and could' not move the left arm or leg. There was no total paralysis. He was sent to 
the San Francisco City Hospital, where pressure on the right carotid sinus again caused tem- 
porary paratysis. After each stimulation the patient became numb and paralyzed on the left 
side. The paralysis disappeared after about fifteen minutes. There was a period of asystole 
for five seconds, followed by mild bradycardia for fifteen seconds. 

Case 3. — ^A 55-year-old man showed arteriosclerotic heart disease and angina pectoris 
following a probable myocardial infarction occurring two years previously. The right carotid 
sinus was massaged lightly while the ’patient was in the upright position. Tliis was followed 
immediately by cardiac standstill and loss of consciousness for a few minutes. Slow recovery 
of consciousness occurred during the following fifteen to twenty minutes, at which time it was 
found that there was a weakness of the left hand and left leg, estimated at approximately 
25 per cent of the strength of the opposite member. Recovery from the weakness of the left 
side was only partial when he was last seen approximately two weeks after the episode. 

Case 4.-^The detailed findings of this case are not available, but hemiplegia occurred 
also in a man with hjqjertension and arteriosclerosis. Light pressure was applied over the right 
carotid sinus producing marked cardiac slowing followed by faintness, without loss of con- 
sciousness, Immediately afterward, marked weakness of the left upper extremity was ob- 
served. This disappeared the following day. 

Case 5. — A 53-year-old man complained of attacks of dizzinc^ and syncope. The epi- 
sodes were associated with double vision and impairment of coordination. On several oc- 
casions the right arm became weak and numb during the attacks. Frequently he was un- 
able to talk during a seizure. The attacks were of abrupt onset. One morning he could not 
brush liis teeth because of weakness and clumsiness of the right hand. The function of the 
right arm was gradually restored during the ensuing thirty minutes. These episodes had 
occurred frequently, and sometimes several times daily, from 1937 until he was first seen in 
1941. They usually lasted about five minutes. After neurological examination it was thought 
that the patient had a psychoneurosis Avith transient hysterical paralysis of tlie right arm. 
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The blood pressure was 156/90. The attacks occurred occasionally on turning the head from 
one side to the other. The left carotid sinus was very lightly massaged. The stimulation vras 
hardly begun when the patient stated that he felt dizzy and unsteady. There was no change 
in the heart rate. His face became congested, the eyes rolled, and the breathing was stertorous. 
He was laid immediately on the table, and his right arm fell limp to the side. There was 
complete paralysis of the right side. He was somewhat confused mentally but answered 
questions intelligently. There was no significant change in the blood pressure. After the 
administration of amyl nitrite, he felt better. After two hours the right leg recovered, but tho 
right, arm remained limp and helpless. Three and one-half hours later he was able to raise the 
right arm but could not flex tho fingers. Neurological examination four days later revealed 
some weakness of the right eyelid and tho muscles of the right forearm, and some weakness 
of the right angle of the mouth. The closing mechanism of tho right eyelid appeared impaired. 
There was some weakness of the external and internal hamstrings of the right thigh. The 
right biceps, triceps, and supinator reflexes were slightly exaggerated, whereas those on the 
left were normal. The right patellar reflex was exaggerated. An intermittent positive 
Babinski sign was occasionally noted on the right. The patient was observed for several 
months following this stimulation, and he continued to have frequent attacks of 'the same 
character. 

Case 0. — ^A white woman, aged 42 years, developed a very severe headache on the top of 
tho head following a cold. It was made worse by bending the neck. She had five chiropractic 
treatments for tliis headache. She stated that, during the last treatment, the chiropractor 
pressed rather firmly on tho right side of her neck below the angle of the jaw, and immediately 
she became dizzy and faint but not unconscious, and then discovered that she could not move 
her left arm or left leg. Her husband entered the office and found her speaking incoherently 
and unable to walk. He had to carry her to the car. Tho left side of the face, tho left arm, 
and tho left leg were paralyzed, and she complained of numbness over the left side of tho 
body. She was removed later to the Los Angeles Good Samaritan Hospital. There was no 
past history of symptoms referable to the cardiovascular system. The blood pressure measured 
140/90. Tho neurological examination revealed tho pupils to be equal, regular, and reacting 
to light and accomodation. There was a horizontal nystagmus when she looked in either 
direction. The movements of tho left eye were- slower than those of the right, but apparently 
there was no complete paralysis of any of the extraocular muscles. There was weakness of 
tho left side of tho face with hypertonicity on the right. The speech was thick at times, but 
there was no dysphagia or aphasia. There was only’ slight movement of tho group of shoulder 
muscles on the left side, with almost complete paralysis of the left upper extremity. This 
arm was spastic with markedly exaggerated reflexes and pseudoclonus. Sensation was present 
on tho left side but was slightly less than on the right. The knee could be lifted slightly on 
effort. There were exaggerated reflexes and pseudoclonus. There was a suggestive Babinski 
reaction on tho left. The neurologist’s impression was that “the history and findings arc 
suggestive of cerebral thrombosis, secondary to manipulative procedures. An electroen- 
cephalogram might yield some information.” 

Case 7. — ^A man, 60 years of age, had generalized arteriosclerosis and had had a very 
hj'pcrsensitive carotid sinus reflex with many rather severe syncopal attacks which could be 
induced by moderate pressure on eitlier the right or left carotid sinus. Tho blood pressure 
was 160/110, Immediately following one induced attack, the patient developed a complete 
hemiplegia. Ho made a complete recovery from his hemiplegia although the symptoms lasted 
for several months. His syncopal attacks have been controlled fairly well by quite largo doses 
of phenobarbital. 

In the follotving case the hemiplegia cannot be ascribed definitely to carotid 
sinus pressure ina.smuch as it occurred the day folloiving the stimulation. 

Case S. — A man, 72 years of ago, complained of dizzy spells of several years’ duration. 
He had moderate hypertension; his blood pressure was 170/100. There was no definite 
cardiac enlargement. General physical examination showed nothing abnormal. Pressure c® 
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the right carotid sinus, made in the supine position, resulted in marked dizziness and cardiac 
arrest of several seconds' duration. When the patient assumed the erect position, he seemed 
very unsteady and complained of severe dizziness. He lay dovm for a short period hut on 
leaving the office was still unsteady. The examination was performed in the morning, and the 
patient remained at home in the afternoon. He was still conscious of lessening degrees of 
dizziness. He slept well, and the following morning on awakening he found that he was 
unable to move his left arm and left lower extremity. The muscular weakness improved 
quite rapidly so that within two weeks he was able to be up and around. He was followed 
for about a year after this episode with no significant change in the clinical course. 

OTHER CEREBRAL DISTURBANCES 

f 

Distressing cerebral complications, besides hemiplegia, have been reported 
several times. Weiss^ stated that he had observed but one patient with un- 
toward symptoms. For several days following a spontaneous attack, one of his 
patients felt weak and exliausted. Moderate pressure on the sinus of this pa- 
tient produced weakness, dizziness, and partial syncope in three to five sec- 
onds, and for several days thereafter she did not feel well," Two instances of 
cerebral irritability were reported in our series. 

Case 9. — A man, aged about 65 years, bad arteriosclerosis and early senile dementia 
with mental lapses, disorientation, and dizziness. Pressure was made on the right carotid 
sinus. Asystole lasting about five seconds was produced. Following this he became very 
‘ pale and was silent during the remainder of the office visit. His brother called the next day 
,and stated that, following the pressure on the carotid sinus, his mental condition was much 
impaired for about twenty-four hours. He had remembered nothing and was completely 
disoriented. 

Case 10. — A. robust Eussian man, aged about 55 years, complained of dizzy spells. He 
gave a very clear history and seemed very rational. Pressure was applied on the right carotid 
sinus twice, once with the patient recumbent, and once with the patient upright. He acted 
peculiarly during the remainder of the examination. Following the examination, he was very 
excitable and extremely irrational. He drove his niece, a nurse, home. She stated that he was 
unable to drive safely and that they narrowly escaped several accidents. He acted very 
queerly at home, this condition lasting about thirty-six hours. He made a complete recovery 
but stated that the pressure on his neck made him feel “crazy,” There was only slight 
bradycardia produced by pressing his sinus. 

DISCUSSION 

From an analysis of the first seven cases it is apparent that mechanical 
stimulation of the carotid sinus is not as innocuous as generally is believed, and 
it may be followed by more or less serious paralysis. The great majority of the 
patients were elderly and had arteriosclerosis and hypertension. The patients 
described by Marmor and Sapirstein^ and by Levine- were also arteriosclerotic. 
It would appear, therefore, that, although stimulation of the carotid sinus may 
be harmless in young people, the procedure should be utilized with caution in 
elderly persons with arteriosclerosis. 

The mechanism by which the paralysis occurs is worthy of comment. In 
six instances the right carotid sinus was stimulated and the paralysis was on 
the left side. In one instance, the left carotid sinus was massaged and the 
paralysis was on the right side. Thus it is clear that the paralysis is contra- 
lateral and the cerebral effect must be ipsolateral to the side of carotid sinus 
stimulation. It has been shown by Weiss^ that the cerebral ischemia following 
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pressure is not mechanical due to occlusion of the carotid artel^^ Furthermore, 
the hemiplegia in one patient (Case 5) abniptly followed light massage with 
very little pressure over the artery and with no change in the heart rate or 
blood pressure. The cerebral effect apparently is due to a dii-ect unilateral 
cerebral action. Eecent work by Engel and his co-workers'* offers additional 
evidence for this concept. They observed abnormalities of the electroencephalo- 
gram on the same side as the carotid sinus pressure in a patient with a direct 
cerebral reflex type of hj-persensitive carotid sinus, that is, with no fall in blood 
pressure and no bradycardia. Interestingly, there occurred clonic spasms of the 
right arm and leg when the left cortex was affected by left carotid sinus pres- 
sure, and the left side reacted when the right carotid sinus was stimulated. 
Whether the abnormal cerebral waves are secondary to reflex vasoconstriction 
or are due to a direct cortical effect, is tmknown. The usual concept of hemi- 
plegia would suggest that the fundamental cerebral disturbance in our patients 
was due to ischemia brought about by reflex vasoconstriction of the ipsolateral 
side. A direct unilateral cerebral effect from carotid sinus pressure, therefore, 
would appear to be more important in our patients than the production of 
cardio-inliibition or vasodepression, inasmuch as the cerebral effect producing the 
paralysis always was localized on the side of the pressure. This is corroborated 
by the work of Galdston and his collaborators.® They found that syncope and 
convulsions in certain patients would result from stimulation of the side that 
produced little or no bradycardia or drop in blood pressure, but tliat stimulation 
of the side which caused marked circulatory response would not produce these 
symptoms. 

That the cerebral effect following carotid sinus pressure is not equally dis- 
tributed bilaterally, but is predominantly ipsolateral, is suggested by many of 
the cases reported by Weiss.® The initial convulsive t'uatchings, numbness, and 
tingling were always contralateral. In describing the patients whose symptoms 
arose presumably from a direct cerebral reflex, he said, “Depending on the de- 
gree and duration of pressure, the symptoms consisted of faintness and pallor 
of the face followed by unconsciousness, and, in most cases by convulsive twiteh- 
ings which usually began on the contra-lateral side and became generalized. . . ■ 
Numbness and tingling of the extremities were prominent symptoms usually 
starting in the contra-lateral extremities and spreading to the whole body be- 
fore actual fainting oecun-ed.” Even in Wei.ss’ cases where syncope was pro- 
duced by cardio-inhibition or a drop in blood pressure, there was often evidence 
of a predominating ipsolateral cerebral effect. The induction of such sjuaptoms 
and signs as contralateral numbness, tingling, and convulsions of the extremities 
and ipsolateral numbjiess of the face, suggests a direct unilateral cerebral reflex 
mechani.sm, particularly since prolonged occlu.sion of the carotid artery below 
the sinus failed to induce any .such sjauptonis. It is intere.sting, in view of the 
flndings in our eases, that in none of his patients did the findings progress to 
hemiplegia. 

It would appear that in many of the persons of the t^T^e described in this 
report there is advanced cerebral arteriosclerosis with great impairment of the 
blood supply to the brain. liVliereas a temporaiy disturbance of the blood 
supply to a normal brain from carotid sinus stimulation would seem innocuous, 
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any further reduction of the blood flow in the hrain wdth an already impaired 
blood supply may produce deleterious effects. This could explain the transient 
hemiplegia lasting only a few minutes. However, in the patients vdth more per- 
sistent hemiplegia following carotid sinus stimulation, a more permanent mech- 
anism, either thrombosis or a small hemorrhage, would seem responsible. 
Thrombosis of the anterior cerebral arteries was observed by Marmor and 
Sapirstein.^ In previous reports on carotid sinus sensitivity the predominant 
clinical manifestation described was dizziness and syncope, wdth or wdthout con- 
vulsions. Stern® described one ease with gastrointestinal manifestations. Fried- 
man" reported two instances wdth anginal sjnidrome. In the present report 
are described two instances in which the patients had bizarre, previously unde- 
scribed manifestations, apparently due to spontaneous carotid sinus stimulation 
because thej' could be reproduced by carotid sinus pressure. One patient 
(Case 5), in addition to the dizziness and the other usual manifestations of 
carotid sinus sensitivity, had varying degrees of weakness of the right arm 
which was reproduced hy carotid sinus stimulation. In another patient with 
marked cerebral arteriosclerosis and frequent episodes of loss of memory and 
disorientation (Case 9) stimulation of the carotid sinus produced a veiy^ severe 
attack lasting twenty-four hours. Thus, the additional cerebral ischemia in- 
duced by carotid sinus stimulation produced paralysis in the first patient, while, 
in the second patient, it enhanced the mental disturbances due to the cerebral 
ischemia of senility. 


SUMMARY AND CONCLUSIONS 

1. Seven instances of contralateral hemiplegia following carotid sinus 
pressure are reported. 

2. Transient hemiplegia as a manifestation of hypersensitive carotid sinus 
activity is suggested by its reproduction in a patient who had had attacks for 
years. 

3. Two patients were observed with mental aberration followdng carotid 
sinus pressure. 

4. Carotid sinus pressure in the middle-aged or elderly arteriosclerotic 
patient may be productive of untoward results and should be applied cau- 
tiously. " 
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TRANSITORY A-V BLOCK! OCCURRING DURING SCARLET FEVEE 

W. D, Paul, M.D,,® and C. Rhomberg, M,D.,® Iowa City, Iowa, 

AND Julia Cole, M.D., Ames, Iowa 

T hat tlie heart may be involved in scarlet fever had been recognized for 
many years. Many reports and opinions have been recorded regarding the 
nature of the myocarditis occurring during the acute phase of this disease and 
the chronic vahuilar disorders which follow. Rosenbaum^ reported 1,770 cases 
of scarlet fever, in 106 of which there were definite cardiac complications. A 
diagnosis of mj’ocarditis was made in 88 of these cases, and was based upon clin- 
ical observations such as changes in heart rate, variation in the size of the heart, 
di^urbances of conduction, et cetera. Swift,^ in a treatise on the heart in infec- 
tion, stated that cardiac complications occurred infrequently in scarlet fever, 
and he classified them as (1) toxic, (2) allergic, and (3) septicopyemic. The 
dast two involve valvular damage. The /'toxic” manifestations, which are re- 
garded as similar to those in diphtheria, are characterized by signs of cardiac 
weakness and are often accompanied by bradycardia. No mention of electro- 
cardiographic changes was made. 

Shookhoff and Taran® reported 50 eases of scarlet fever in which electro- 
cardiographic studies were made. Bradycardia was found in 25 per cent, but no 
lengthening of the P-R interval or other disturbances of conduction was ob- 
served. Place'* concluded tliat myocarditis in scarlet fever is very rare; he 
stated that since the use of the electroeardiogi’am “no well marked case (of myo- 
carditis) has occurred in our wards in several thousand cases.” Collaborating 
with Faulkner and Ohler, Place® reported 171 cases in which electrocardiographic 
studies were made. Abnoimal tracings were secured in 11, or 6 per cent. In 
five of the 11 the abnormality consisted merely of prolongation of the P-R inter- 
val beyond 0.2 second, and in six there were T-wave changes. The majority 
of these changes developed between the eighteenth and thirty-fourth »days, and 
the degree of electrocardiographic abnormality was not influenced by the se- 
verity* of the illness. Wiclvstrom® observed prolongation of A-V conduction time 
bey'ond 0.2 second in five of a group of 100 patients. Schwarz*' studied 65 pa- 
tients witli scarlet fever clinically and electrocardiographically, and observed 
no electrocardiographic evidence of cardiac involvement. Berger and Olloz' 
reported finding electrocardiographic evidence of myocarditis in four of a series 
of 66 cases, but mentioned no in.stance of complete heart block. Holz® reported 
se%*en cases of scarlet fever, complicated by joint involvement, in which electro- 
cardiographic evidence of conduction disturbance was found. In all of the.so 
cases the P-R intenml was prolonged, and, in one, case, partial block, with 
Wenckebach periods, was obsen’ed. BeeF® found electrocardiographic evidence 
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of conduction disturbance in 14 cases of scarlet fever with joint involvement. 
Electrocardiographic abnormalities consisted of prolongation of the P-E interval 
or partial heart block. Eoger^^ cited the ease of a 21-year-old man whose heart 
rate dropped to 52 and stayed there for three days. He concluded that the 
focus of irritation was bulbar, because, under the influence of small doses of 
atropine, the heart rate rose to 64. Bernstein^^ reported the case of an 18-year- 
old hoy who developed A-V dissociation after scarlet fever. Electrocardi- 
ographic studies were not made during the attack of scarlet fever, but a 
transient bradycardia was observed on the eighteenth day of the illness. Subse- 
quently, this patient developed attacks of dizziness, blurred, vision, dyspnea, 
and brief periods of unconsciousness. "When he was re-examined about fourteen 
or fifteen months later, complete heart block and cardiac decompensation were 
observed. 

Although no attempt was made to cover the literature, no mention of com- 
plete heart block occurring during scarlet fever was found. For this reason, 
and because of the difference of opinion regarding the nature of the myocardial 
involvement in this disease, two eases of complete heart block occurring during 
the course of scarlet fever are reported. Both were observed on the Medical 
Isolation service of the State Universitj’- of Iowa Hospital in 1936. 

Case 1. — P. H. was born in 1918, and was considered a healthy infant. He had the 
usual diseases of childhood, but no scarlet fever, diphtheria, rheumatic fever, chorea, or fre- 
quent tonsillitis. There was no history of shortness of breath, heart consciousness, precordial 
pain, or syncope. About four days prior to admission to the hospital he complained of a 
slight head cold, general malaise, and fever. On the third day of his illness he noticed sore 
throat- and hoarseness, and on the day of admission, flushing of the face and a diffuse rash 
over the chest. 

Physical Examination . — The patient was a well-developed, well-nourished white man, 18 
years of age. There was a punctate, erythematous rash which blanched on pressure and was 
most marked in the axillae and over the abdomen and thighs. The hearing and vision were 
normal. Ophthalmoscopic examination was negative. The teeth were in good condition. 
The tongue was coated on the dorsum and clear at the edges, where the papillae were prom- 
inent. The pharynx was very red, the pillars were edematous, and the tonsils were slightly 
enlarged. Small pin-point macules were present over the soft and hard palate. The lungs 
were normal to auscultation and percussion. The heart was of normal size, the rhythm was 
normal, and the sounds were of good quality. No murmurs were heard. The pulmonic second 
sound was slightly accentuated. The arterial blood pressure was 124/70. The abdomen, rec- 
tum, and extremities were normal. There were no abnormal neurological signs. 

Laboratory Data . — The initial blood cell count showed 4,090,000 erythrocytes and 8,800 
leucocytes, of which 78 per cent were polymorphonuclears, 17 per cent were lymphocytes, and 
5 per cent were endothelial cells. The hemoglobin was 90 per cent (Sahli). The blood 
Wassermann reaction was negative. The urine was entirely normal on repeated examination. 
Tlxroat cultures were negative for Corynebacterium diphtheriae, but positive for Streptococcus 
bemolyticiis. The Dick test was negative, and the Schultz-Charlton reaction revealed a blanch- 
ing of the rash over an area of 4 centimeters. 

Subsequent Cmirse. — At the time of admission the patient’s temperature was 100“ F., 
his heart rate was 86, and his respiratory rate was IS. He was given routine treatment, con- 
sisting of rest in bed, a high fluid intake, and a soft diet. No antitoxin was administered. 
,His temperature was normal at the end of forty-eight hours and his angina was subsiding. 
The rash disappeared and desquamation started. He continued to be hoarse, and examination 
of the pharynx revealed chronic laryngitis with an acute exacerbation of the angina. 
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On. tlie tenth and eleventh hospital days the. temperature rose to lOS® F. The only neW ob- 
servation at this time was tenderness of a cervical lymph node which subsided with local ap- 
plication of ice. On the fourteenth hospital day the temperature rose to 101,8° F. aad, for 
the next ten days^ fluctuated between normal and 103.6° F, The laryngitis became more 
severe. Blood cultures taken during this ^period showed no growth. The heart rate at first 
increased slightly with the rise in temperature. However, on January 31, the fifteentli 
hospital day and the nineteenth day of illness, the heart rate suddenly dropped to 40. Exam- 
ination showed that the left border of the heart was a little outside the im'dclavicular line. 



Ulectrocardiofiram taken on the 15th hospital day, Jan. 31, 1936, 
rhis snows complete A-V block, the auricular rate being* 80, the ventricular rate 56. 


A systolic murmur was heard at tlie apex. The rhythm was regular except for an occasional 
pause; the pulmonic second sound was loud and rather snappy. The arterial blood pressure 
was 135/70. An electrocardiogram taken on this day showed complete heart block, with on 
auricular rate of SO, and a ventricular rate of 50, per minute. There was no associate3 
dyspnea or heart consciousness. On the next day tlio same cardiac abnormalities were ob- 
served. On Febraary 4 the cardiac rate was 80 per minute, and electrocardiographic study 
showed normal mechanism, with a P-E interval ’of 0.19 second, an inverted P„ a large Tj 
and T;, and an isoelectric T,. During the next week the cardiac rate varied between GO and 
90 per minute, but repeated electrocardiograms showed a normal mechanism. On February C, 
the twenty-first hospital day and Iho twenty-fifth day of hi.s illne.ss, the patient developed pain 
in the shoulders and Imees, without redness, swelling, or heat. He also had acute abdominal 
pain and leucocytosis of 23,000. On the twenty-fourtli ho.spital day the joint pain, ab- 
dominal pain, and laiyngitis sub.=ided; the temperature returned to normal and remained 
there. Daily examination of the urine for blood and albumin failed to reveal their presence- 
At the time the patient was discharged, on the forty-fifth hospital day, after almost three 
weeks of normal temperature, the heart rate was 70, the heart was of normal size, the systolic 
murmur had disappeared, and the pulmonic second sound was no longer loud and snappy, 
electrocardiogram shortly before the time of discharge showed a P-E interval of 0.14 second- 
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The patient returned to the hospital June 23, 1936, for re-examiaation. After return- 
ing home he had remained in bed for one month, and, following this, had restricted his ex- 
ercise. He had had no symptoms referrable to the nasopharynx or the cardiovascular system. 
His appetite had remained good and he had gained 10 pounds in weight. Throughout this 
time he had been afebrile and his heart rate had varied between 60 and 80 per minute. Phys- 
ical examination was essentially negative. The heart was of normal size, the rhythm was 
normal, no murmurs were heard, and the pulmonic second sound was somewhat accentuated. 
The arterial blood pressure was 160/100. The urine w^as normal. An electrocardiogram 
showed normal mechanism; the P-R interval was normal, and there was no abnormal devia- 
tion of the electrical axis. Tliis patient returned for re-examination regularly throughout 
the next two years. At no time did the history indicate cardiac involvement; examination of 
the heart was negative and electrocardiographic studies were normal. He has been in the 
Army for the past three years and is now a captain in the Air Corps on active combat duty in 
the Southwest Pacific area. 

Case 2. — ^R. G., according to his history, gave no evidence of any cardiac involvement 
prior to Jan. 15, 1936, when he was admitted to the hospital during an attack of scarlet 
fever. He was bom in 1916 and had been considered a liealthy infant. He had had the 
usual diseases of childhood, but no scarlet fever, diphtheria, rheumatic fever, chorea, or fre- 
quent tonsillitis. There was no history of heart consciousness, precordial pain, shortness of 
breath, or syncope. In- 1926 he developed gonorrheal ophthalmitis on the right and secondary 
glaucoma. Two days before admission he noticed a slight sore throat and some fatigue. 
The follo^ving day his throat was quite painful and he had a rash over his abdomen. He was 
admitted on the tliird day of Ms illness. 

Physical Examination. — The patient was a well-developed, web-nourished white man, aged 
20 years. There was a diffuse, punctate rash which was most prominent over the chest and 
abdomen. Hearing was unimpaired, but there were loss of vision and corneal opacity on 
the right. The teeth were normal. The tongue was coated with a grayish exudate, and the 
papillae at the margins were hypertrophied. The oropharynx was red, and there were pin- 
point macules over the soft and hard palates. A few cervical lymph nodes were palpable. 
The thyroid was not enlarged. Examination of the chest was negative. The heart was 
normal in size, the rhythm was regular, and no murmurs w'ere heard. The arterial blood 
pressure was 130/80. The adomen, rectum, and extremities were essentially normal. No ab- 
normal neurological signs were elicited. 

Laboratory Data. — ^At the time of admission the blood cell count showed 4,650,000 
erythrocytes and 20,200 leucocytes, of which 87 per cent were polymorphonuclears and 13 
per cent lymphocytes. The hemoglobin was 90 per cent (Salili). Repeated urine examina- 
tions were negative.’ The blood 'Wassermann reaction was negative. Throat cultures were 
negative for Co-rynebacterium diphtheriae, but positive for Streptococcus hemolyticus. The 
Dick test was negative. The Schultz-Charlton reaction showed a large area of selective 
blanching. : 

Subsequent Course. — On admission tMs patient had a temperature of 101° F., a heart 
rate of 110, and a respiratory rate of 23 per minute. His temperature fluctuated between 
normal and 100° E. for the folio-wing eleven days, and then became normal. Treatment was 
mainly symptomatic and supportive, and consisted of rest in bed, a high fluid intake, and a 
soft diet. Antitoxin was not given. Tliroughout tliis time the patient was without complaint 
and in good spirits; the angina cleared up, the rash disappeared, and desquamation began. 
On the morning of the eighteenth hospital day and the twenty-first day of illness, there was 
an unexplained rise in temperature to 101.4° P. On January 31, the nineteenth hospital day, 
the patient suddenly complained of marked wealtness. The pulse rate was recorded by the 
nurse as 38 per minute. He was examined shortly after the onset of the weakness and wds 
found to be pale and perspiring profusely. He complained of some nausea and weakness, 
but there was no heart consciousness, cardiac pain, dyspnea, or cyanosis. The patient stated 
that he felt as if he were “floating away.” The cardiac and radial pulse rates were 26, and 
‘ the rhythm was slightly irregular. The heart was normal in size, the sounds were of good 
quality, and no murmurs were heard. ElectrocardiograpMc study on the same day showed 
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complete A-V dissociation, -with an auricular rate of 107 and a ventricular rate of 25 per 
minute, and with ventricular standstill up to five seconds. ^ 

Tlio patient continued to complain of some weakness and nausea during the followinc 
forty-eight hours, but developed no otfier complaints. He was afebrile during the remainder 
of his hospital stay except for rises of temperature to 99.8° F. on the twenty-first and twenty- 
second hospital days. Electrocardiographic studies were made once or twice a day. On Feb- 
ruary 1, the riventieth hospital day, partial A-V heart block was present.* This persisted until 
Eebruary 4, when simple prolongation of the P-E interval with dropped' beats was observed. 
The P-E interval varied between 0.32 and 0.41 second. This *type of curve was obtained until 
February 11, the thirtieth hospital day, when normal mechanism, with a P-E interval of 
0.16 and ventricular rate of 62, was present. Tlie T waves, which had been biphasic, were 
now upright in all leads. From this time until the day of discharge, Feb. 21, 1936, the electro- 
cardiograms were normal. 



Tho patient returned for re-examination June 17, 1936. For one month after discharge 
from the hospital he had remained in bed, and for the following three months he had been on 
very restricted exercise. Ho had had no nasopharyngeal or cardiovascular symptoms. His 
temperature had been observed daily and had been normal throughout the entire period. His, 
heart rate had varied between 70 and 96 per minute. He had gained 20 pounds. Physical 
examination was entirely negative. The heart was of normal size, and the rhythm regular. 
b (0 murmurs were heard. Tho arterial blood pre.ssure was 110/82. The urine was normal. 
The electrocardiogram was normal. 


This patient has been examined repeatedly throughout the past nine years. He was last 
seen on April 26, 1945, at which time the Iiistory was essentially negative; physical examinS" 
tion was negative except for tho glass eye on the right. The loss of this eye alone has blocked 
hi.s induction into the Army on six occasions. He has passed examinations for life insurance, 
works as a chiropodist, and has had but four weeks’ vacation during the past nine years. 
Tho electrocardiogram, including Lead IV F, was entirely normal. Tho three standard lead® 
could bo superimposed on the curve taken at the time he left tho hospital in February, 1936. 
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Because the manifestations of the acute and late phases of cardiac involve- 
ment in scarlet fever are analogous to those of rheumatic fever, many authorities 
have postulated that the cardiac complications which occur during the acute 
stage or following upon scarlet fever indicate part of a rheumatic cycle. Con- 
duction disturbances are considered to be relatively common during acute rheu- 
matic fever, and have occurred during other acute infectious diseases. Eosen- 
bergi3 recently reported two cases of epidemic parotitis accompanied by tem- 
porary electrocardiographic evidence of complete heart block. In most of these 
cases the disturbance in conduction proved to be transitory, and, as far as was 
ascertained, no evidence of residual cardiac involvement could be found. Un- 
fortunately, these patients were not observed for any length of time after the 
initial illness. 

Many investigators have described microscopic focal myocardial lesions in 
scarlet fever resembling those found in rheumatic fever. FahU^’ examined 
one series of nine and another of eleven postscarlatinal hearts. Small collec- 
tions of round cells were common, but he believed he could differentiate them 
from Aschoff nodules. Sclimorl (cited bj^ Fahr’^) described myocardial "rheu- 
matic nodules” in a child who died of scarlet fever and had no pre^^ous history 
of rheumatism. Gross and Ehrlich^® point out that the time Aschoff nodule 
does not attain its specific characteristics until after six weeks or more. 

Although such lesions may be responsible for the chronic endocarditis and 
myocarditis which follow scarlet fever, they cannot be offered as a satisfactory 
explanation for the transitory cardiac murmurs and conduction disturbances 
which appear during the acute or early convalescent stages of the disease. These 
latter changes have been considered as manifestations of actual, although tem- 
porary, myocardial damage of the so-called toxic type. 

Krauss^’' reported two cases of sudden death on the sixth and seventh days, 
respectively, of scarlet fever. At autopsy the heart was dilated and flabby, 
and infiltrations of round cells were present. Similar cases have been observed 
by GoldschmidF® and Gouget and Dechaux.^® The latter authors cited over 
fourteen cases of sudden death occurring at various stages of the disease. They 
concluded that there is usually no pathologic change which would account for 
death, and suggested that the deaths occurring at tlie beginning of the disease 
resulted from massive intoxication of the whole central nervous system, whereas 
those which followed the usual course of the disease could be accounted for by 
the theory that "the condition of the nerve cells had been modified in some ob- 
scure way by the action of toxins, so that even a slight incidental cause, by 
producing in their neighborhood some abnormal stimulus, suffices to produce 
sudden or rapid death.” The possibility of myocarditis or suprarenal lesions 
were also considered, but no mention of suprarenal lesions, especially hemor- 
rhage, in scarlet fever could be found. 

Weill and Mouriquand^® reported a case of sudden death on the thirteenth 
day after onset of scarlet fever. At necropsy a soft, yellow-red, but otherwise 
normal, heart was found. Mcroscopic study revealed perivascular and inter- 
stitial round cell infiltration and fragmentation of the muscle fibers. These ob- 
servations agree with those cited by earlier workers. Virehow^^ observed eight 
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hearts after death from scarlet fever, and found only a beginning fatty infiltra- 
tion. In 1882, Litten-^ described the heart in'^the early stages as flabby and 
anemic, and, in eases of longer duration, as yellowish, with loss of eross-stria- 
tions and the presence of fat droplets, Ott*^ reported the following post-mortem 
observations in the case of a 7-year-old boy who died of scarlet fever nephritis: 
the left ventricle was much enlarged, the muscle fibers were unchanged, there 
was a slight amount of round eeU. infiltration in the interstitial tissue, and the 
ganglion cells showed fine, granular degeneration of the protoplasm, solution 
of the nucleus, and pericellular edema. Rombex’g,^^ in 1891, examined the hearts 
of ten persons who died of scarlet fever, found parenchymal degeneration of 
muscle fibers and interstitial round eell infiltration, and stated that the heart 
ganglia were not remarkable. Aschoff,^® in 1906, described five eases, in one of 
which there was infiltration of plasma cells subendocardiaUy ; in the others no 
parenchymal degeneration was found. The heart nerve centers were not ex- 
amined. Selinoff,®® in 1913, found that the pathologic changes in the ganglion 
cells were more marked than those in the heart muscle in a series of twelve cases. 
He stated that the myocardium suffers chiefly parenchymal degeneration, 
whereas one finds collapse of the Nissl bodies, vacuolar degeneration, and necrotic 
changes in the nerve cells. 

Stegemann,^^ in 1914, examined 49 patients "with scarlet fever, who ranged 
in age from 6 montlis to 12 years, in special reference to the heart ganglia. He 
divided these eases into three groups, depending upon the day of illness on 
which death occurred. Eighteen died before the fifth day. In these “severely 
toxic cases of short duration,” the parenchymatous changes in the myocardium 
were not marked. With the “infectious form of long duration,” acute paren- 
chymous degeneration, fatty infiltration, and necrosis were seen. Interstitial 
round cell infiltration of the heart wall was absent in the former but present in 
the latter. Round cell infiltration in the stroma of the ganglia, fatty infiltra- 
tion, and necrosis of the ner\^e cells, more marked in the severely’’ toxic cases, 
were found as early as the first day. In all of the cases there were definite 
changes in the cai’diac ganglia in the form of cellular accumulation in the stroma 
of the ganglion cells. Recently' the existence of a conduction system in the heart 
has been questioned.*® Nonidez®® has demonstrated definite sinoauricular and 
auriculoventricular nodes, and main, right, and left bundles in the BJics^is 
monkey and dog. He also showed that the nodes are supplied by’’ axons of neu- 
rons of the intrinsic cardiac ganglia. 

In marked contrast to rheumatic fever and diphtheria, serious cardiac com- 
plications in scarlet fever are uncommon, and their occurrence seems to be a mat- 
ter of chance. In spite of this fact, many hypotheses as to the mechanism of 
their production have been postulated, and much exndence has been accumulated 
in support of the various theories. The t^vo cases of heart block reported above 
appear to be similar to those seen during mumps by Rosenberg; all occurred 
fairly' early during the illness, without other e’vidence of cardiac involvement, 
and were transitory'; they were due, in all probability, to toxic changes. Edema 
or early round cell infiltration with impingement on the conduction system could 
cause a tcmporaiy, but complete, A-V dissociation. Coincidence will account for 
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the fact that these two patients, unrelated and coming from widel3’" separated 
towns developed the only complete heart block during scarlet fever to be re- 
corded in recent literature on the same day and in the same room, within a few 
hours of one another. 
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THE EATE AND CONTEOL OP THE BLOOD FLOW THEOUGH THE 
SKIN OP THE LOWEE EXTEEmTIES 

Egbert H. Goetz, M.t). 

Cape Town, South Africa 

INTRODUCTION 

M ost of our earlier published investigations concerning the control and 
rate of the blood flow through the slrin were limited to the upper ex- 
tremities."®’ Evidence presented by various authors, however, 
goes to show that there are differences between the vasomotor responses of the 
vessels of the lower and upper extremities which, in man, as suggested by Pick- 
ering and Hess,^^ maj'" be the result of the assumption of the upright pos.tiirc. 
The vessels of the toes not only seem more susceptible to constrictor influences 
than those of the fingers,^® but they are also relatively refractory to vasodilating 
agents.®’ 

This paper is, therefore, devoted to investigations of the' rate and control 
of the blood flow through the skin of the toes. Apart from purely physiological 
considerations, accurate knowledge of the latter is essential both for diagnosis 
and evaluation of changes in the blood flow folloxving therapeutic measures in 
peripheral vascular diseases. There occurs also a higher incidence of chronic 
occlusive arterial disease in the lower extremities than in the upper extremities 
•n'hich, in the light of the above data, may be of considerable significance. 

The methods generally used for measuring tone and function of the blood 
vessels, like skin temperature and calorimetric readings, furnish either indirect 
indices of the blood flow only, or, as in the case of the oscillometric index, they 
do not deal with the peripheral circulation in a strict sense. For quantitative 
measurement of the blood flow, plethysmography has to be resorted to, 
and the number of different foot plethysmographs evolved during recent 
years^’ '-• indicates clearly the need for such methods. As pointed 

out in earlier papers, the results obtained with any limb plethysmograph neces- 
sarily refer to both the muscle and the .slrin enclosed within the instrument. 
Therefore, ambiguity’ will arise because the vessels supplying the skin do not 
respond necessarily in the same way to the same drug or stimulus as do the 
vessels supplying the mu.scle (often they react antagonistically^®’ 
nor need they be affected to the same degree by the pathologic process. 

Also, even if the results obtained with limb plethysmographs were referable 
to skin only, their evaluation would be rendered difficult by the fact that, on ac- 
count of anatomic differences in the arterial tree, the blood flow through the 

From the Department of SurEer>-, Universitj- of Cape Town, South Africa. 

Tlr<e!%-cd for publication June S, 1945. 
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various skin areas enclosed cannot be expected to be uniform. Indeed investiga- 
tions by various authors^’ aemonstrate that ‘‘observations on the blood flow 
and vascular reactions in one sidn area cannot necessarily be applied to others 
at 'the periphery. Our optical flhger plethysmograph was, therefore, adapted 
for investigations of the blood flow through the toes. The results obtained are 
not only strictly referable to the blood flow through the skin but they are also 
representative of the ultimate circulation, in contrast to the oscillometer, which 
deals with the penultimate circulation onl}’-,^ 



Pigr. 1. — Toe plethysmograph as used for optical recording of the blood flow (for description 

see text). 


:methods and siaterial 

The methods used in tliis study follow closely those previously described, 21 . 23 and for 
details the reader is referred to the preceding' papers. Continuous volume records of the toes 
were obtained (Fig. 1) by enclosing a toe within a glass plethysmograph which was con- 
nected to a pipette graduated in 0.01 c.e. and containing a column of alcohol (A.C. in Pig. 1). 
■\Vhen the plefhysmograpli was sealed with petrolatum and the taps were closed, the volume 
changes of the toes were transmitted to the alcohol column, the movements of which were 
enlarged and projected onto the paper of a recording camera, as previously described.si 
Registration was etfected by the meniscus of the alcohol column (M, or M,) which cast a 
shadow upon the photographic paper.zi This arrangement is capable of exact and undis- 
torted measurement of the changes in skin volume, differences of 0.001 c.c. being easily re- 
corded. Whatever the enlargement, no calibration is required since the graduation of the 
pipette appears as white horizontal lines on the film, effecting automatic calibration of the 
system. Knowing that changes in respiration cause peripheral reflex constriction, c, 19 , 20 the 
respiratory movements were, as a rule, simultaneously recorded. In addition, the skin tem- 
perature of one or more toes next to the one measured pletliysmographically was recorded 
simultaneously by means of thermocouples, and the pulsations of the dorsalis pedis arteries 
were registered by means of a Frank's capsule in many subjects (e.g., Figs. 6, A, and 23). 

We have been using these methods since 1932 for b6th physiologic investigations and 
routine clinical tests, and the results communicated herein refer to tests carried out on 
more than two thousand subjects. 

The observations were conducted in a draft-free and noiseless room and, unless other- 
wise stated, refer to ‘'warm-handed” subjects who had normal cardiovascular systems. The 
room temperature was kept constant during the experiments. No effort was made to control 
the relative humidity, which has little effect on the dissipation of heat from the body at 
tho room temperature used in this study All the tests were performed after thirtv- to 
sixty minutes’ rest. The subjects were, unless otherwise stated, resting comfortably in a 
type of Gatch bed, with the hips and knees flexed at about 60 degrees and the head and 

•The terms ultimate circulation and penultimate circulation as used in this sense have 
been suggested by Professor C. F. M. Saint. 
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shoulders slightly elevated. Additional investigations urcre carried out vrith the legs elevated 
to about 45 degrees to study the effect of changes in posture upon the blood flow. Eefler 
dilatation of the vessels of the toes was obtained by immersion of one upper limb into wa*ej 
of 45° C. and covering the subject with blankets to prevent tlie dissipation of heat. 


RESULTS 


A. The Pletliysmogram of the Toes During Rest . — The method is sensitive 
enough to register readily the blood flow even of a small toe in aU its detail. 
Tliis is of clinical importance since pathologic processes may eitlier pick out a 
single digital artery or affect them all in var 3 dng degrees. In the ease of tie 
toes, particularly the big toe, the plethysmograph necessarily is- sealed just 
proximal to the interphalangeal joint. It therefore encloses skin covering 
mainly the end phalanx. The latter, however, contains a vast .amount of ar^ 
teriovenous anastomoses, and thus has a considerably greater blood flow than 
the skin of the proximal phalanges which show only a few of these structures. 
Thus, strictly peaking, the pletliysmogram of the big toe can be compared with 
that of the finger tip only. 

1. The Height of the Pulse Volume; All other factors being equal, the 
height of the pulse volume depends upon the amount of tissue enclosed within 
the plethysmograph. Therefore differences in thh height of the pulse volume 
must be expected in various subjects and, for this reason, the recorded height 
of the pulse volume is not a strictly comparable index of the circulation. Com- 
parable indices are, however, easilj’^ obtained by correcting *the height of the 
pulse volume to a mean digital volume (conveniently 15 c.c.) by means of the 
simple formula; 


Pulse v'olumc (corrected) == 


Pulse volume (recorded) x 15 
Digital volume in cubic centimeters 


Thus, the corrected pulse volume of a veiy big first toe of 30 c.c. tissue volume 
whicli records a pulse volume of 0.04 c.c. is the same as that of a small toe of 
7.5 c.c. which records a pulse volume of only 0.01 c.c., i.e., 0.02 cubic centimeteis. 
While this is the correct procedure, it complicates the issue. For all practical 
purposes, however, it is sufficient, according to my expei’ience, to compare the 
uneon'eeted height of the pulse volume of respective toes in various subjects 
if the above point is kept in mind. Therefore all our values refer to the un- 
corrected pulse %'olume of the big toe unless othenvise stated. 


Fie. 2. — The pulse volume of a normal subject at various states of vasomotor tone. A? 
ilodcratelj' constricted, first left toe; skin temperature, 2C“ C. B, Moderately dilated.^nre^^ 
left toe; skin temperature, 30° C. C, Fully dilated, first left toe; skin temperature, 3 j v- 
JO, Fully dlLated. sc-cond left toe; skin temperature, Zi.S° C. Room temperature, 21° C. IK" 
ductlon of orijrinal tracings to two-thirds- 

AI! tracings were obtained in reclining ixjsitlon unless otherwise stated, .and in all the 
following abbreriations have been used; 

, P — pre.'^rc in cuff during venous congestion test; F.V. = pulse volume: J2 
tcry movements {arrow indicate? inspiration); B — .signal; 8.G. = sphygmogram of *^tte^ 
dorsalis pedis; = rkln temperature; ordinates In all tracings = two second.?; white r.on- 

gontal line = calibration for pu!.«e volume and digital volume. C.hanpe from line to line equals 
0.01 cubic cenUraeb.-r. 
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The height of the pulse volume in a normal subject is dependent upon the 
vasomotor tone (Figs. 2 and 10). As a rule it varies between 0.002 c.e. during 
maximum constriction and 0.025 c.e. during full dilatation. Occasionally, in 
younger subjects, values up to 0.045 c.c. are met with, while in others, particu- 
larly older subjects without clinical signs of arterial disease, the pulse volume 
during full dilatation may not exceed 0.020 cubic centimeters. Due to the 
smaller amount of tissue enclosed, the recorded pulse volume of a smdll toe 
reaches about 0.01 e.c. only during full dilatation (Fig. 2, B). 
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Fir. 3. — Pulse volume of a normal subject demonstratinr difference between vasomotor 
tone of upper and lower extremities. A, Third left flnrcr showlnr moderate dilatation. Skin 
temperature, 31* C. B, First left toe, taken Immediately oftenvards but showing- full con- 
striction. Skin temperature 23* C. Room temperature 22° C. For abbreviations, consult 
legend to Fig. 2. Reduction of original tracings to two-tlilrds. 


As previously indicated*’ the vessels of the fingers under basal conditions 
and at room temperatures of 20° to 23° C, are usually neither constricted nor 
fully dilated but assume a value intermediate between these extremes, allowing 
adjustment according to the needs of body temperature regulation. The pulse 
volume of the toes in the same subjects, however, is as a rule found near the 
lower limit of normality under similar circumstances, the vessels often being 
actually maximally constricted even in '‘warm-handed” subjects (Fig. 3), This 
indicates that the vasomotor tone of the blood vessels of the lower extremities 
is considerably higher than that of the fingers. In “cold-handed” subjects 
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Fig, 4 . — Spontaneous fluctuations in pulse and digital volume. A, Normal subject (first 
left toe) during rest High vasomotor tone. Skin temperature 22.8° C. B, Normal subject 
(first left toe) moderately dilated. Skin temperature 31° C. O, Absence of spontaneous fluc- 
tuations following lumbar ganglionectomy (first right toe). Skin temperature 34° C. D, 
Normal subject fully dilated but elevated (first left toe). Skin temperature 34.5* C. Reduc- 
tion of orl^nal tracings to two-thirds. Room temperature 23° C. For abbreviations, etc., 
consult legend to Fig. 2. 
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without clinical signs of arterial disease, the vessels, when tested under the same 
conditions, are invariably fully constricted, the pulse volume being rarely 
higher than 0.002 cubic centimeter. 

2. Fluctuations in the Height of the Pulse Volume: The height of the 
pulse volume of the fingers has been found to be in a state of continuous rhythmic 
fluctuation which is abolished by the interruption of the sympathetic path- 
ways (Goetz=^). It therefore reflects the rhytlimic fluctuating nature of sj^mpa- 
thetic activity. Indeed, the pulse volume is an exquisite indicator of that vaso- 
motor activity which is of insufficient degree to show itself in blood pressure 
changes. However, in the lower extremities during rest tliese fluctuations of 
the pulse volume are either absent or very shallow (Pig. 4, A) on account of the 
high vasomotor tone just demonstrated. As the vasomotor tone of the toe ves- 
sels diminishes during body heating and the pulse voliune rises, fluctuations be- 
come registrable (Fig. 4, B). They are extremely prominent in the elevated 
limb but shallow during dependency, which is paiflieularly obvious during full 
dilatation when, in the elevated limb, the fluctuations are at their maximum 
(Fig.4,H). 

Naturally, the plethysmogram reflects all laiomi variations in shape and 
rhythm of the sphygmograra. A Corrigan or water-hammer pulse, pulsus 
alternans, pulsus bigeminus, arrhy-thmias, and the like, are easily demonstrated 
(Pig. 5). Of particular interest are the changes in the pattern demonstrated 
in Fig. 5, H, which are due to changes in the character of the blood pressure 
occurring during artificially induced hypoglycemic shock. As is well known, 
the blood and pulse pressures rise during hypoglycemia; this is well reflected 
in the changes in the pattern of the pulse volume, particularly in the disap- 
pearance of the dicrotic wave. 

3. Fluctuations in Digital Volume: The plethysmogram docs not, as a 
rule, move along a straight line but fluctuations occur which indicate changes 
in toe v'olunie (Fig. 4). These volume changes con’espond to, and are mainly 
the result of, fluctuations in the height of the pulse volume. Consequently, 
spontaneous changes in digital volume are less prominent in the toes than in the 
fingers on account of the higher vasomotor tone in the former (Pig. 4, A), but 
they become equally raarlccd as the vasomotor tone is relaxed (Pig. 4, B). These 
changes assume considerable proportions in tbe elevated limb (Pig. 4, D) and 
arc very* less marked dining dependcnc.v. Like the changes in pulse volume, 
they are dependent upon tlic integrity of the .symipathetic nerwous system and 
therefore are absent following ganglionoctomy (Fig. 4, C7). 

Almam.^on and lvatzenstein,= using their foot plelhysmograph, reported that 
spontaneous fluctuations in blood flow were charaeterLstic for the hand, but in 


Fiir. 
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^ . - .hythrn of jiuUo volume. A, In .-luricular flbrlllaUey 

fniret icU t-ir). .'-ktn tf mt). r.iturr-- 23* C. js, Jntpn>oI:itca oxtra yystolp.*! (first riclit toe). 
S.-ri.-s tprrr^ratnro 31. C. C, ProtTf'l Vats (fir.-.i loft toe). Fully tUlatod Skin tempera- 
tore ..u* < . v in .siiapc tv-iih cisanfo; In blood prers-ure (flnst left toe), (a) Dtirlne 

t/mp-'-ratu.-e 31' C. (b) Durinfr artificial bypotrlycrmla. U. P- 
lIOA-i’. .Skin t. .mp'-rr.furo 3C* C. A. Fubus btR-emlnus rfir.st ric-lit toe). Skin te.mperaturc 
..3.,* C. neduotfor. of oriKlr..sl tnsclnjrs to tK-o-thirdc. TJoom temperature 2C* C. For al>- 

brevl!t*!''<.-!'.^, etc., conduit io~ond lo J'V. 2. 
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the foot they were either “absent or insignificant.” Obviously in these aii- 
thors’ experiments the feet, in contrast to the hands, were tested during de- 
pendency, which, in the light of the above data, easily explains their failure to 
demonstrate spontaneous fluctuations. There can be no doubt from our in- 
vestigations that, in the lower extremities, spontaneous fluctuations do occur 
in the same degree as in the upper extremities, if tested under identical con- 
ditions, which include identical hemostatic conditions as expressed by posture. 

Spontaneous fluctuations in the toe volume are less pronounced during 
the venous congestion which is obtained from inflating to 60 mm. Hg a cuff 
fixed at the ankle. Nevertheless, they are stiU. obtained (Fig. 8, B). This is 
evidence that the fluctuations are mainly the result of changes in arterial in- 
flow since, according to Lewis, both veins and capillaries are unable to con- 
strict against the pressure used. 

Ever since the first description of plethysmographs, changes occuiring | 
simultaneously "with the respiration have been described, the true vasomotor 
nature of which has been maintained by some and doubted by others. Unless i 
there was pronounced cardiac respiratory arrhytlimia, changes in the toe volume 
resulting from the normal respiration were hardly ever prominent in our 
tracings. 

In our earlier communications we described how a single deep inspiration, 
imitative of a sigh, or a series of deep breaths regularly produced peripheral 
constriction in the fingers, the degree depending upon the tone of the digital 
vessels.^**® This fact since has been amply confirmed by numerous authors. 
The vessels of the toes are affected by this constriction to the same degree 
(Pig. 6, A), and the reaction shows all the characteristics described else- 
where.*®' This constriction is set in train only by the inspiratory phase, and 
since it is not obtained following lumbar ganglionectomy (Fig. 6, D) it is de- 
pendent upon the integrity of the ^mpatlietic pathways and is thus a true 
vasoconstrictor reflex. When moderately or fully dilated the reaction is easily 
recorded, but under ordinary conditions the reaction may be absent because of 
the already high vasomotor tone. Indeed, even a slight increase may be obtained 
instead of the u.sual fall (Pig. 6, B). Thus Peters,®® using our method, did not 
obtain vasoconstriction in the one subject tested by him. His Fig. 12 is strik- 
ingly similar to our Fig. 6, B. The decrease in digital volume following a deep 
breath is extremely pronounced in the elevated leg when the venous plexus is 
empty and well drained (Fig. 6, G). Under such conditions constriction of the 
veins could hardly account for such a marked volume decrease. The con- 
strictor reflex following a deep breath affects tlierefore mainly, if not solely, 
the arteries. 

The effects of various sensory stimuli (e.g., an unexpected noise [Pig. 7, ^3' 
application of cold or pain, single or multiple principles, emotional content of 
thought or mental strain [Pig. 7, B], or the anticipation of any of these) 
upon the peripheral circulation were tested and they always resulted in 
vasoconstriction. All of these are well-known vasoconstrictor reflexes and 
ns such are not obtained after ganglionectomy (Fig. 7, C). A .similar con- 
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Fiff. 6. — ^Effect of a deep inspiration upon blood flow through toe. A, Normal indi- 
vidual (first left toe) fully dilated. Skin temperature 32" C. B, Normal Individual (first 
left toe) constricted. Skin temperature 26" C. G, Normal individual (first left toe elevated). 
Skin temperature 34" C. D. No response in sympathcctomized extremity (nine years pre- 
viously). Skin temperature 34° C. Reduction of original tracings to one-half. Room tem- 
perature 23" C. For abbreviations, etc., consult legend to Fig. 2. 
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stricter reflex results from sudden inflation of a Mood pressure cuff (Fig. 8, A). 
Tliis may raise tlie systolic Mood pressure by as mueli as 15 mm. of mercury, 
^he clinical importance of sucli a reflex as regards tlie accuracy of blood pres- 
sure readings is worthy of further study. The diminution in digital volume 
from any of the constrictor reflexes just mentioned is greater in the elevated 
limb than in the dependent one- for reasons mentioned previously, which sug- 
gests that the constriction is. arterial rather than venous, in contrast to the 
opinion of some authors.^’ ® , 



Fig.. 8.— A, Effect of interruption of bloofl flow in an upper extremity upon blood flow 
through toe- (first left toe). B, Fluctuations in blood flow occurring during venous conges- 
tion of. 60 mm. Hg (first right toe). Reduction of original tracings to two-tliirds. For ab- 
breviations, etc., consult legend to Fig. 2. 


Fig. 7. — ^Effect of unexpected' noise (A) and mental strain (R) on blood flow through 
toe. Between the signals in (R) the subject was calculating the problem 19 x 19. <7, No 
effect ill sympathectomized extremity (ten years previously). First left toe. At the arrow, 
accidental deep breath. Reduction of original tracings to two-thirds. Signal in A and O: 
unexpected noise. For, abbreviations, etc., consult legend to Fig. 2. 
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B. The Rate of Blood Flow in the Toes .* — 

1. Calculation of the Hate of Blood Plow : The venous congestion test pre- 
viously described in detail^^ was employed to calculate the rate of blood flow in 
the toes. In brief, the rate of blood flow was determined by stopping the venous 
return from the toes by means of a blood pressure an& £xed at the ankle, without 
impeding the arterial inflow. A normal tracing (Pig. 9, A) takes the follow- 
ing characteristic course: (a) it rises along a straight line, following this, 
(b) it slopes’ gradually until the vascular bed is filled, when (c) it runs parallel 
to the base line. When the pressure is released the tracing returns to the initial 
level, as a rule to ivithin hundredths of a cubic centimeter. During the fiist 
part the volume increase per second is read; this serves as a measure of the 
arterial inflow. The rate of blood flow is then calculated per minute and for JOO 
c.c. of tissue from the following formula: 


E = 


k 


I X 100 X 60 

T- 


wherein : E = Eate of blood flow in cubic centimeters per minute, 

• k = Factor which is constant for a particular site of the cui!: 
e.g., k = 3 if the cuff is fixed at the ankle (see second 
paragraph below). 

I = Increase in digital volume per second in cubic centimeters. 

V — Digital volume in cubic centimeters. 

The results obtained with this method are very consistent and enable 
evaluation with great accuracy as long as the pressure of the cuff is well below 
the diastolic pressure. However, pressures below 30 mm. Hg are apt to give 
erroneous results. 

The site of the congesting cuff is of importance for the correct calculation 
of the rate of blood flow. If two cuffs are fixed on the same leg, one being below 
the knee and the other at the ankle, the inflow tracing obtained in the latter 
case is steeper than that in the former. TJiis difference in the gradient appears 
to be due to the difference in the amount of the venous network distal to the 
cuff. Therefore, for the correct measurement of the ajferial inflow the cuti 
should be fixed at the base of the digit. In the case of the toes, however, this is 
impossible, and w-e have to upply the cuff at the ankle. 

It had been found for the fingers’'^ that the increase in volume per second 
from venous congestion applied at the basal phalanx was three times that ob- 
tained from congestion applied at the wrist. If we assume that the same rela- 
tions exist in the foot, then we could assume that the increase in toe volume 
from venous congestion applied at the base of the toe would also be three tunes 
greater than that obtained from congestion applied at the anide. Therefore 
the results obtained from congestion applied at the anide have to be multiplied 
by three — ^the factor k in our formula — in order to obtain the actual rate of 
blood flow. 

Follom'ng the release of the venous congestion the volume returns, as a 
mile, to the original level (Pig. 9, A). However, in some subjects a fall below 


•The results refer to tests carried out frith the patient In the rccUnlny position. 




wp 9 , A., Tj'pical tracing- of venous congestion test (second left toe. fully dilated). 

Note initial rise along straight line and return to initial level with release of pressure. Skin 
temperature ±34“ C. Room temperature 21” C. B, Venous congestion test (flrst right toe. 
symoathectomized) sho-wing transient fall below base line with release of pressure. Skin 
temp^erature 34“ C. Room temperature 23“ C. Record of pressure has been retouched with 
white. Cuff applied at ankle in all tracings unless otherwise stated. Reduction of original 
tracings to two-thirds. For abbreviations, etc., consult legend to Pig. 2. 
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1 G.<i, during full constriction and 90 c.c. per minute for 100 e.c. of tissue when 
fully dilated. These values compare very well with those obtained for the sidn 
of the fingers, but are considerably higher than those calculated by Kunkel and 
Stead^° for the foot. • 


lA: 


i’ -.i--'/' ‘ . : -i 


A’ ! ' J.J/V' *' jP*!- *' •' 'I'A - -’--■i-* 


imrrpc:! 


Nrir, mmmj ;=: im,v ,:;/. -vr . /. yr- v-^ 








.-■■ n i -1.1 1.':; 
I'khLLHSiltl' 







Fie:. 11. — and B, Effect of unexpected noise upon blood flow through toe (first left 
toe). Explanation in text. G and D, Effect of deep breath upon rate of blood flow through 
toe (first left toe). Cuff applied below knee. Explanation in text. Reduction of original 
tracings to two-thirds. At X adjustment of plethysmogram. For abbreviations, etc., consult 
legend to Fig. 2. 


The changes in the rate of blood flow which result from reflex constriction, 
such as an unexpected noise or a deep breath, are illustrated by Fig. 11. In 
Fig. 11, A, venous congestion was applied during complete relaxation, the rate 
being 42 (i.c. per minute for 100 c.c. of tissue. One minute later, at the signal 
(Fig. 11, B), an unexpected noise was made and peripheral constriction re- 
sulted. The pulse volmhe decreased from 0.022 to 0.01 cubic centimeter. Eight 
seconds later, at the height of the response, the venous return , was arrested by 
the same pressure as was applied in Fig. 11, A. On account of the preceding 
vasoconstriction the increase in volume was less steep. In addition, the tracing 
is altogether differentlj^ shaped. It slopes upward. This is veiy similar in all 
tracings, and appears adequately to be explained by the wearing off of the con- 
striction resulting in an increased arterial inflow vdth every consecutive heart- 
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beat. Thus the rate of blood flow calculated during the first tn^o pulses is about 
4.5 e.c.- per minute, for the next three pulses it is 9 c.c., and it is 12 c.c. between 
the third and fourth arrows. From the fourth arrow onward, the rate of blood 
flow is 16.5 cubic centimeters. 

Similarly, the constriction resulting from a deep inspiration can be an- 
alyzed (Fig. 11, G and D). Prior to the deep inspiration the blood flow was 
50 c.c. per minute and for 100 e.c. of tissue (Fig. 11, C ) . At the height of the 
reflex constriction (Fig. 11, D) the rates of blood flow, starting at the arrow, 
were calculated as follows : 4 e.c., 12 e.c., 20 c.c., and, eventually, 30 c.c. per 
minute for 100 e.c. of tissue. When the pressure was released, the volume fell 
markedly below the initial level but rose immediately afterward. It was only 
then that the constriction wore off completely. 

The effect of a chain of such constrictor impulses and the effect of smoking 
upon the peripheral blood flow have already been dealt with elsewhere.^* 

0. The Effect of Body Heating . — ^Ever since the clinical importance of dif- 
ferentiating between arterial spasm and arterial occlusion was recognized, tests 
assessing the ability of the arteries to dilate have become an essential require- 
ment in the study of peripheral vascular diseases. Of all the methods which 
have been recommended to relieve the vasoconstrictor tone, body heating has 
proved least objectionable and very satisfactory for clinical purposes. Gibbon 
and Landis^® produced reflex dilatation in the lower extremities by immersing 
both forearms in water to 42° to 45® C. They tried immersion of one hand as 
far as the wrist but this did not result in complete relaxation of the blood ves- 
sels of the feet.. However, according to our experience, complete vasodilatation 
will readily result from immersion of one arm to a point about 5 to 7 inches 
above the elbow, provided the subject is covered with a woollen blanket to pre- 
vent the dissipation of heat. 

Fig. 12 represents a typical response as obtained in a normal subject. 
When the rate of blood flow, pulse volume, digital volume, and sldn tempera- 
ture are recorded simultaneously it can be seen that pulse volume and digital 
volume are the first to rise after a small initial drop. It is only after the blood 
flow has been increasing for some time that the skin temperature starts rising. 
In our case both pulse volume and rate of blood flow reached their maximum 
dilatation level after twelve minutes. Digital volume and skin temperature, 
however, continued to rise for eight more minutes. The relation beriveen the 
height of the pulse volume and the rate of blood flow, on the one hand, and the 
skin temperature on the other can be clearly appreciated, and it is obvious 
that the pulse volume furnishes the clearest picture of the state of the circula- 
tion at any one moment. In this person reflex dilatation occurred very rapidly 
since there was moderate dilatation at the outset. With vessels fully constricted 
there is, however, considerable delay, and dilatation often does not commence 
for eight to ten minutes. 

In the opinion of Gibbon and Landis a normal response to body heating, 
that is, a rise in skin tempeimtui-e to 32° C. or above within thirty to thirty-fi^'f 
minutes, "definitely excludes the possibility of obliterative .structural disease of 
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the arteries as a cause of the diminished blood flow in the lower extremities.”®^ 
This statement has been generally accepted, and skin temperature measure- 
ments have accordingly been evaluated for assessing the efficiency of the arterial 
circulation. However, on numerous occasions we have observed that the skin 
temperature reached the normal vasodilatation level (32° C.) within thirty 
minutes, yet the height of the pulse volume and the rate of blood flow remained 
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Fie. 12.— Effect of body heating upon the pulse volume, digit^ volume, skin tempera- 
ture. and the rate of blood flow through the toe of a normal subject, all continuously re- 
corded (flrst left toe). Room temperature 21” C. 
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considerably below the values seen noiinally during full vasodilatation (Fi«. 
13), Pulse volume and rate of blood flow therefore indicated organic vascular 
disease, whereas the skin temperature did not suggest this. Direct application 
of heat and paravertebral block did not furnish a higher pulse volume than did 
body heating. Pig. 14 shows the results of testing one of the arteries of the 



FIet. 13. — Effect of body heatinfr upon pulse volume. dlg-Ital volume, skin tcmperot^ 
luid rate of blood flovr In a digit Tvilh moderate organic occlusion. Note normal rcspen-- 
skin temperature but decrease In pul-se volume and rate of blood flow during full (inaii. 
Boom temperature 21* C. 
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digit. There is no doubt that structural changes were responsible for the dimin- 
ished pulse volume. These findings therefore illustrate two points: (1) a rise 
in skin temperature to the normal va.sodilatation level in response to body 
heating does not exclude organic obstruction, and (2) digital plethysmography 
is capable of demonstrating structural changes in arteries at a stage when the 
skin temperature measurement is unable to detect them. 
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Fig. i4.r-=-One o£ the arteries oC digit examined in Fig. 13. 


It has been generally accepted that vasodilatation induced in one extremity 
by warming another depends upon the return of warmed blood to the general 
circulation affecting the temperature-regulating center in the hj^jothalamus.^' 
However, Uprus, Gaylor, and CarmichaeP^ pointed out that it is the gradient or 
steepness of the rise in blood temperature, ratlier than the actual temperature 
of the blood, which initiates reflex vasodilatation. TVe found that recognition of 
the latter fact is of great clinical importance because it constitutes a source of 
error in the immersion method hitherto not stressed. Obwouslj’-, in order to 
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obtain a sufficient gradient, tbe blood flow through the immersed extremilT 
should be normal, otherwise little warmed blood will be returned. If the arteriK 
of the immersed arm are partially or totally occluded, the blood -vvill warm only 
very slowly and a slow gradient wiU result. Reflex dilatation may thus fail 
or be incomplete, and an organic occlusion may be simulated in an e.xtremity 
where the blood flow is actually normal (Pig. 15). In such a case the dimin- 
ished reflex dilatation is the result of organic occlusion of the vessels of the im- 
mersed extremity and not of the tested one, as can be proved by immersing an- 
other extremity whereupon a normal response is obtained (Pig. 15). 



FJfT- 15. — Effect of body heatlnE- resuIUns from Immersion of an extremity '(^th 
(black lines) and with markedly occluded arterle.s (Interrupted lines) upon the bioM SJ®' 
Uirongh an extremity with normal arterial circulation. Room temperature 21* C, 
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Pickering and Hess^’’ kave already noted that body heating may not be an 
adequate procedure to dilate the vessels in the lower extremities of some nor- 
mal subjects. In our series we had two subjects who were free from clinical 
signs of spastic vascular disease, such as Eaynaud’s phenomenon or acrocyanosis, 
but always had noticed that their extremities were cold and clammy.* Like 



•It may be of signiflcance that in one of tliem a suprarenal rest -was found on operation 
for Inguinal hernia. 
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all Other persons they started to perspire profusely after twenty minutes’ body 
heating, yet there was hardly any change in pulse volume, digital volume, or 
skin temperature within thirty minutes (Fig, 16). Immei-sion of an addiiional 
extremity for another thirty minutes did not produce the desired relaxation. 
Following the local application of heat, prompt relaxation of the vessels \va.s 
obtained. The pidse volume rose to 0.025 c.c. (Fig. 17), and the rate of blood 
flow was 80 C.C., indicating that we wez*e not dealing with an organic occlusion 
but a high vasomotor tone. 
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Fig-. 17. — Pulse volume of a subject -who dfcl not dilate during body heating. A, After 
thirty-six minutes body heating (t-wo extremities immersed). B, After foot had been im- 
mersed for ten minutes In water of 42° C. Room temperature 21° C. Reduction of original 
tracings to two-thirds. For abbreviations, etc., consult legend to Fig. 2. 


D. The Blood Flow in Sympaihectomized Extreviities . — ^Folloiving the in- 
terruption of the sjonpathetic pathways the spontaneous fluctuations in pulse 
volume and digital volume, as well as the constrictor reflexes following various 
intrinsic and extrinsic stimuli, are no longer obtained (Fig. 18). Body heating 
fails to produce reflex dilatation, indicating that the body is no longer capable 
of mobilizing the peripheral blood flow for body temperature regulation. Con- 
versely, interruption of the sjunpathetic reflex arc may be diagnosed from fail- 
ure to evoke these responses. 

Follov-ing ganglionectomy, the tone of the peripheral vessels is mainly 
determined by three factors: (1) the local metabolic requirements of the tissues 
(effect of metabolites), (2) the local stimuli reaching the vessel wall directly 
from the outside, without the mediation of the nervous system (cold, etc.), an'l 
(3) the effect of endogenous substances (acetylcholine, epinephi-ine, etc.) reach- 
ing the vessel wall %aa the blood stream. Therefore, the blood flow of the 


Fig. IS.— mibso volume following lumbar ganglionectomy. Note absence of chanKf-’’ 
height of pulse and digital volume. A, Sympathectomy for ulcers ten years provlou-ilv. 
.•!lgn.als: pinpricks). First left toe. Skin temperature 33° C. At arrow, accidental 
breath. B, Sympathc-ctomy for Raj-naud'e phenomenon eight years previously, Fls^t 
toe. Sliln temperature 32° C. Note organic Involvement O, .Sj-mpathoctomy tor rj'AQ 
thrombo,angSlUs obliterans nine years previously. First right loo. Skin temperature Zi 
D, S>'mpathectomy for early thromboangiUls obliterans nine years previou<-ly. First rtcr. 
toe, elevated. Skin temperature 30° C. At signal, unexpected noise. Reliction of omic-' 
tracings to two-thlrda For abbre%-Iations, etc., consult legend to Pig. 2. 
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sympatHectomized extremity may not be the same when tested on different oc- 
casions. If such influences are depressing in nature, the blood flow tends to 
return to its maximum, as soon as such stimuli are removed. For this reason, 
during rest under ordinary laboratory conditions, the blood flow through the 
sympatheetomized lower extremity was found to be at its maximum. 




FJgr. 19. — Subject "with •wcll-advancedi thromboan^ltls obliterans with supcrlmPJ-J? ■ 
arterial spasm (first right toe). A, Pulse volume during rest. Skin temperature 2i.a 
B. Pulse volume fully dilated. Skin temperature 32.5' C. C, Venous congestion test aarwE 
rest. D, Venous congestion test fully dilated. Room temperature 23' C. Reduction oi enr 
Inal tracings to two-thirds. For abbreviations, etc., consult legend to Fig. 2. 

As is generally accepted,, following the degeneration of the autononiic 
(postganglionic) nerves after ganglionectomy, there occurs an increased sensi- 
tivity of the isolated structure to circulating epinephrine. This hypersensitivity 
which has been made responsible for the early return of the vasomotor tone in 
the upper extremities following the removal of the stellate ganglion’^' 
not enter the picture in this account, however, owing to the fact that ganglionee- 
tomy of the lower extremities does not remove tlie sympathetic ganglia supplj'in? 
the sciatic nerve but interrupts their preganglionic fibers only. Degeneration 
of the sympathetic nerves to the foot therefore is not a feature of lurnhar: 
ganglionectomy and sensitization to epinephrine, which should theoreticallv 
absent, is in fact minimal. Thus the aim of all ganglioneetomies, namely pC'' 
manent abolition of vasomotor tone, is more readily achieved in the 
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extremities. Thus we found in 29 patients in whom 51 lumbar ganglionectomies 
had been performed from one to eleven years previous to the last examination 
that the blood flow was still at its maximum and that there was no return of 
vasomotor tone as judged by the height of the pulse volume and the rate of the 
blood flow. There was no increase in blood flow following body heating. Ob- 
viously, even in the subject with sympathectomy of longest duration (Fig. 18, A) 
regeneration of the sympathetic fibers had not occurred, which bears emphasis 
in the light of the work of various authors,^'^* 



PIS'. 20.— Same subject as Pig. 19 (first right toe). A, -fourteen days after lumbar 
sympathectomy. Skin temperature 32“ C. S, Thirteen months after pmpathectomy. Skin 
temp^ature 34“ C. C, Venous congestion (fourteen days after sympamectomy). D, Venous 
cong^Bstion (thirteen months after sympathectomy). Reduction of orlgtaal facings to tvro- 
thirds. Room temperature 22“ C. Por abbreviations, etc., consult legend to Pig, 2. 


The indications for sympathectomy in peripheral vascular diseases depend 
upon the demonstration of a significant degree of vasoconstriction. The latter 
can be determined exactly by digital plethysmography and the amount of re- 
laxation whi(ih can be expected to result from sympathectomy can be predicted 
exactly. Fig. 19 was obtained from a subject with histologically proved thrombo- 
angiitis obliterans, demonstrating the point in question. No pulse volume was 
registrable during ordinary laboratory conditions (Fig. 19, A ) , and the rate of 
blood flow amounted to 2.2 c.c. for 100 e.c. of tissue per minute (Fig. 19, 0). 
Body heating, however, greatly increased the blood flow. The pulse volume rose 
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to 0.005 e.c. (Fig. 19, B), the sldn temperature to 31° C., and the rate of blood 
flow increased exactly ten times to 22.5 e.c. (Fig. 19, D). Two weeks after the 
ganglionectomy the values for both pulse volume and rate of blood flow were 
at the preoperative vasodilatation level (Fig. 20, A and G) and when tested one 
j’-ear after the operation they had even increased slightly (Fig. 20, B and D). 

In our eases where lumbar sympathectomies were perfomed for otlier than 
vascular diseases (e.g., ulcus cruris) both pulse volume and rate of blood flow 
reached and remained at the normal vasodilatation level (Fig. 18, A). 



Fig, 21. — ^Decrease of pulse volume in sympathectomizod extremity on body heatlnf? (same 
subject as Pigr. 20. fourteen days after sj’mpathectomy). A, Before body heating, li, After 
thirty minutes body heating. Kcductlon of original tracings to two-thirds. 

In order to avoid confusion, aU I have mentioned so far is that body beaf- 
ing does not increase the pulse volume and rate of blood flow in the completely 
sympatheetomized extremity. The fact, however, is that both pulse volume and 
rate of blood floiv decrease, often notably, with body heating (Fig. 21). Tbc 
opposite may be observed following body cooling when pulse volume and rate 
of blood flow reach higher values. This decrease ui blood flow following body 
heating has been explained as follows : At the outset it must be assumed that the 
blood is shunted away' from the sympatheetomized extremity. Then, since body 
heating causes m release of the vasomotor tone in the remaining normally m- 
nen'ated exti’cmities, it follows that their vessels will offer less resistance to the 
blood flow as dilatation takes place, as contrasted with the vessels of the 
sympatheetomized limb (the vascular tone of which remains uninfluenced by 
body heating and wdiich consequently presents itself as being increased) ; and 
the blood flow', choosing the path of least resistance, wall therefore be diverted 
from the syanpatliectomized extremity to the unsympathectomized one. 

A similar phenomenon, occuning for the same reason, wms obseiwed m 
limbs showing marked signs of inflammation. Inflammation restilts in paralysi'^ 
of vasoconstrictor tone, and body heating often does not raise skin temperature 
but decreases it in the inflamed limb. 
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These findings are not only of academic interest, but important in the 
management of peripheral vascular diseases in general and in sympathectomized 
limbs in particular. Methods normally known to cause increase in blood flow 
by reflex mechanisms may actually be contraindicated in the treatment of lesions 
in sympathectomized and inflamed extremities, since they may have the op.- 
posite of the desired effect. 
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Fig. 22. — Case 1: Subject -with Raynaud’s phenomenon (first right toe). A, Venous 
congestion test during rest. Skin temperature 22“ C. B, Venous congestion test during full 
dilatation. Skin temperature ±34° C. Reduction of original tracings to two-thirds. For ab- 
breviations, etc., consult legend to Fig. 2. 


E. The Blood Flow in Peripheral Vascular Diseases . — ^It is outside tlie 
scope of this paper to deal with any of the vascular disorders in detail. "We 
■ merely propose to demonstrate how our method may help in elucidating some 
of the more important clinical problems. "Whenever a patient Arith sAmiptoms 
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referable to the peripheral circulatory system is observed, three questions arise: 
(1) Is there an organic or a functional interference of the blood flow? (2) h 
organic, how advanced is the occlusion and to what extent are tlie vessels stiU 
capable of dilatation? (3) In cases where the main vessels are completely 
obliterated, how weU has the collateral circulation been developed? It is tnie 
that skin temperature measurements %vill furnish some information, but it is 
the knowledge of the exact amount of blood flowing through the part which is 
so particularly helpful in organic occlusions, especially when it comes to the 
determination of the collateral circulation. 



Fisr. 23. — Case 2: Complete organic occlusion (first left toe). A, Venous 
during rest. Skin temperature 28.7° C. J3, Fully dilated. Skin temperature 29.3* C* Bcauc 
tlon of original tracings to two-thirds. For abhreviatlons, etc., consult legend to Fig. *• 

In Figsl 22, 23, and 24, three patients are presented, in all of whom there 
is a poor blood circulation during rest, as judged, by the pulse volume and the 
rate of blood flow. However, in the first case, body heating results in a rch~ 
tively nonnal response (Fig. 22) . All values increase rapidly almo,st to within 
the normal limits. The diminished blood flow was therefore due to a high vaso' 
motor tone only, there being hardly any organic interference demonstrable. 
The second case is exactly the oppo.sitc — no rise was noted either in pulse vob 
ume or in the venous congestion test with body heating (Fig. 23). The rato of 
blood flow* remained almost the same. This is therefore a case of complete 
arterial occlusion. In tlie third case, as in the second, hardly any rise in puke 
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volume was registered on body heating, which means that the main arteries 
must have been occluded. However, there was a marked increase in the rate 
of blood flow, which rose from 4.5 to 25 c.c. (Pig. 24). Obviously, it was the 
small collaterals in which the blood flow did not pulsate which dilated with 
body heating in this case. The venous congestion test, therefore, is capable of 
furnishing us with an exact measurement of the collateral circulation. A 
typical example of a case showing moderate organic occlusion associated with 
considerable spasm has already been demonstrated (Fig. 19). 



Pig. 24. — Case 3: Organic occlusion -with well-developed collateral circulation (first 
left toe) (thromboangiitis obliterans). A, During rest. Skin temperature 22.5° C. B, Fully 
dUated. Skin temperature 28° C. Note the increase in venous congestion test out of ]^o- 
portion to minimal rise in pulse volume. Reduction of original tracings to two- thirds. For 
abbreviations, etc., consult legend to Pig. 2. 

The degree to which the blood flow has to be diminished to cause death of 
tissue is surprising: reduction of the blood flow by 60 per cent has been found 
in many arteriosclerotic subjects who show no clinical manifestations of im- 
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paired peripheral circulation. This bears out the point made earlier that the 
blood flow through the digits serves other functions in addition to tissue metabo- 
lism. Permanent diminution of the blood flow to as little as 3 to 5 c.c. per minute 
for 100 c.c. of tissue oceuiTed in some patients vdthout causing gangrene. 

According to these flndings a rate of blood flow of 3 c.c. is all that is per- 
manently needed for local tissue metabolism of the skin. This figure is some- 
what higher than that computed by Burton.® It is important to realize that in 
such cases gangrene may be precipitated not by deficient blood flow per se, but 



Fip. 25. — PleUiysmogram and spIOTnoKram Jn two cn.sm of dlminl.^hod peripheral (uim 
mate) blood flow, but showing: differences In penultimate circul.atlon. A, first left toe. W”' 
temperature 19.5” C. B, first right toe. Skin temperature 21" C. Heductlon of original trac- 
ings to two-thirds. For abbreviations, etc., consult legend to Fig. 2. 


by a precipitating factor (such as heat and inflammation) suddenly demanding 
a higher amount of blood flow which in the organically occluded vesjol is 
forthcoming and which results in tissue death. It is not generally rcnlij:c-d 
what degree of obstruction is required to produce a known reduction in Wood 
flow. According to Poiseuille’s law, tlie rate of blood flow changes as the fourth 
power of the radius of the vessel lumen. Diminution of the diameter of the 


lumen by one-half will therefore cause a drop in the rate of blood flow to oue- 


sixteenth of that particular vessel. 
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Information as to the site of a peripheral obstruction of the blood flow may 
be obtained by recording simultaneously both the plethj'smogram of a toe and 
the sphygmogram of the arteria dorsalis pedis. In both patients illustrated in 
Mg, 25 there was marked diminution of the peripheral blood flow, the pulse 
volume being onlj^ 0.002 cubic centimeter. In the first case, the excursions of 
the arteria dorsalis pedis were markedlj’’ diminished as well, demonstrating 
involvement of the whole arterial tree. Good excursions of the dorsalis pedis 
arteiy in the other case, however, placed the site of the interference at the ar- 
terioles, the penultimate circulation being hardly impaired. 

DISCUSSION 

Three values are furnished by the digital plethysmogram : (1) the pulse 

volume, (2) the digital volume, and (3) the rate of blood flow (by means of the 
venous congestion test) . By recording simultaneously skin temperature and the 
excursions of one of the peripheral arteries a detailed analysis of the peripheral 
lilood flow’’ and vasomotor activity becomes possible. Of these, the height of the 
pulse volume is the most delicate indicator of both vasomotor activity and struc- 
tural changes of the arteries. Its normal range varied between 0.002 c.c. during 
full constriction and 0.045 c.c. vdth full dilatation. The lowest value recorded 
during full dilatation in normal subjects w^as 0.02 c.c. and is referred to as the 
minimuni vasodilatation level. These values compare verj'- weU vuth the height 
of the pulse volume previously recorded in the fingers.^®’ Failure of the 
pulse volume to reach the minimum vasodilatation level has yet to be accounted 
for. 

While the pulse volume is intimately correlated with the actual rate of 
blood flow, and can therefore be used as an index for detailed analysis of the 
latter, the arterial inflow can be measured exactly by the venous congestion 
test. Its range varied between 1 c.c. per minute for 100 c.c. of tissue during full 
constriction and 90 c.c. per minute during full dilatation. The latter value is 
about four times higher than that calculated by Kunkel and Stead®® for the 
whole foot," while the lower range is about the same, suggesting that it con- 
stitutes the minimal requirement for tissue metabolism. In the uppp extremities 
similar relations exist, the blood flow through the hand being about one-fourth 
of that through the fingers.®® 

The possibility exists that such a wide range in blood flow under the control 
of the autonomic nervous system is part of the body’s mechanism for tem- 
perature regulation. The slrin acts, as Sheard puts it, as an enormous dam with 
many gateways placed across the stream of internal heat, which can be opened 
and closed as occasion demands. Indeed, Winslow, Herrington, and Gagge'*® 
found that, by adjustment of the peripheral circulation, the effective thermal 
conductivity of the tissue may be modified over a fivefold to sixfold range. It 
is by' means of the ^unpathetic tone that the blood flow through the extremities 
is set to the level prescribed by the demands of thermoregulation. Consequently, 
the tone of the vessels of the fingers under ordinary circumstances (room tem- 
perature, 20° to 23° C.) is about midway between full dilatation and full con- 
striction, allowing the necessary adjustment.®® In the toes, however, the vaso- 



178 


■ AWHRICAN HEART JOURNAL, 


motor tone is, as a rule, considerably higher ; and the blood flow, being near the 
lower limit, is not mobilized for thermoregulation. However, the picture changes 
and the vasomotor tone of the toe vessels decreases to take part in thermoregu- 
lation the moment the capacity of the blood flow through the fingers has been 
fully utilized. Dissipation of heat is initiated by the hands and forearms and 
continued by the feet and legs. These findings agree well vsith the observations 
of Roth, Horton, and Sheard^® that the skin temperature of tlie toes notice- 
ably exceeds room temperature only when that of the fingers fluctuates between 
33° and 35° C. 

Once the high vasomotor tone of the toe vessels has been overcome, spon- 
taneous changes in the blood flow through the toes occur just as they were 
recorded in the fingers. They -are best studied Avith the limb elevated Avhen 
changes both in pulse volume and in toe volume assume very marked propor- 
tions. They are less prominent when the limbs are dependent. Abramson and 
Katzenstein® reported that spontaneous fluctuations are characteristic for the 
hands but that they are absent or insignificant in the feet. Our investigations 
make it more than likely that the reason for his apparent difference between the 
upper and lower extremities is due to differences in posture and is not the result 
of differences in vasomotor activity. In Abramson and Katzenstein’s tests the 
foot was obviously dependent.® There can be no doubt that spontaneous changes 
in blood floAV are typical for both fimgers and toes — they can be readily recorded 
under identical conditions which includes identical vasomotor tone and identical 
hemostatic conditions. Since they are more prominent in the elevated extremity 
Ave conclude that they are arterial rather tlian venous in origin, in contrast to 
the view of Abramson. 

Ever since BroAvn-Sequard' called attention to the clinical importance of 
differentiating arterial spasm from arterial occlusion, tests measuring the degree 
of both have become an essential requirement in the study of peripheral vascu- 
lar diseases. Of these the immersion test introduced by Gibbon and Landis”’ ” 
has proved a very efficient and unobjectionable method of producing reflex 
dilatation. Pickering and Hess,^’ hoAA’cver, in one apparently healthy subject, 
failed to obtain relaxation of the vasomotor tone of the feet Avith immersion of 
the hands and concluded that AAurming of the body removes only part of the 
constrictor tone of the feet, “the remainder being more or less permanent unless 
the sympathetic fibres are blocked.” The .studies in our .series did not cor- 
roborate this. Wlienever body heating released vasomotor tone complete dilata- 
tion was produced. The height of the pulse A'olume and rate of blood fimv ob- 
tained after body heating corresponded Avell AAuth the values obtained following 
direct application of heat or during paravertebral block. 

Body heating is a most effeetiA-e method of producing complete reflex 
dilatation. However, similarly to the ease already reported by Pickering aoo 
Hess, in tAVO of our gaati cases body heating failed to release vasomotor tone. 
Therefore, in subjects who do not respond to body healing, but in Avhom there 
is obviously incomplete organic occlusions on clinical examination, Ave produce 


•No nirnUon of Uie position fo maCc. 
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maximal dilatation by following body beating witb tbe local application of beat. 
Tbe question of wbetber we are dealing witb an organic or a functional state is 
tben easily answered. Tbis simple method can be used witb great advantage in 
conjunction witb plethysmography, but it is obviously useless if tbe circulation 
is assessed by means of shin temperature measurements and when more com- 
plicated methods like paravertebral block or spinal anesthesia have to be re- 
sorted to to assure release of vasomotor tone. 

Gibbon and Landis^^’ have already recognized that it is tbe increase in 
blood temperature due to tbe return of heated blood from tbe immersed ex- 
tremity actmg upon tbe tbermosensitive centers in the hypothalamus which 
initiates general reflex vasodilatation. Pickering^'^ estimated that a rise of 
0.01° to 0.04° 0. is sufficient to produce this effect. Soon aft'ervf;ard Carmichael 
and his coworkers^^ pointed out that it is the gradient or steepness of the rise 
rather than the actual temperature of the blood itself which initiates relaxation. 
Thus, the rate of blood flow through the immersed extremity becomes an impor- 
tant factor in securing vasodilatation. With organic occlusion of the arteries 
in the immersed extremity, the amount of heated blood returned will be in- 
sufficient to produce the necessary gradient and dilatation may be incomplete 
or absent, even if the vessels of the tested extremity are absolutely normal. This 
is not a theoretical possibility but occurs in practice. Indeed, in the disorders 
seen in the majority of patients, such as thromboangiitis obliterans and arterio- 
sclerosis, involvement of all extremities to vaiying degrees is the rule. Thus, 
failure of the immersion method to produce reflex dilatation may not mean 
necessarily organic occlusion of the limb tested, but may mean organic occlusion 
of the immersed extremity, nothing being revealed about the vessels in the ex- 
tremity under examination. Obviously, this source of error is not inherent in 
methods producing dilatation by interrupting the sympathetic pathways or by 
direct application of heat. 

Gibbon and Landis^®’ Avere of the opinion that a rise in sldn temperature 
to 32° 0. witliin -thirty to thirty-five minutes “definitely- excludes the possibility 
of obliterative structural disease of the arteries,” a view which now is generally 
held. Accordingly, Jahsman and Durham, discussing the early recognition of 
arterial disease, state that “such a response excludes the possibility of obliterat- 
ing structural disease of the arteries.” Our investigations do not support their 
statements. Indeed, the blood floAV measured plethysmographieally may be 
diminished by as much as 60 per cent before significant alterations in the re- 
sponse of the skin temperature to body warming occur! A nomal sldn tem- 
perature after body heating, then, is no criterion as to the efficiency of the ar- 
terial circulation. The sldn temperature response to body heating is not im- 
paired in early organic involvement of the arteries, whereas the pulse volume 
in plethysmographic tracmgs is already markedly decreased. Realization of 
this fact becomes of paramount importance today when one is called upon to 
examine apparently healthy young men of our Armed Forces for what appear 
to be minor complaints but in whom the question of vascular disease arises. By 
waiting for the sldn temperature to indicate arterial deficiency all the early cases 
of disease will be missed and in many of them a good prognosis vitiated. 
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Plethysmographic investigations therefore become almost essential since it may 
not be possible without them to answer the question of early structural chango.s 

The following sentence from Freeman and his co-workers’ recent article'' 
represents the typical opinion prevailing today as to the significance of skin 
temperature readings: “With a cool room temperature (20° C.) a rise in skin 
temperature to 31° C. means that the flow of blood is equal to that of a normal 
person vath full vasodilatation. This level is reached in a limb with no arterial 
occlusion or with arterial occlusion which has been completely compensated for 
by collateral circulation.” This statement^ admits that skin tempei’ature read- 
ings do not indicate whether there is a normal blood flow or an arterial occlusion 
which has been compensated for bj’^ the development of a collateral circulation. 
The distinction between the two, one being nomal, the other an indication of a 
serious pathologic event, is of considerable importance for the individual con- 
cerned and can by no means alwaj’^s be decided on clinical evidence. Neither 
does the fact that the arterial occlusion has l)ecn compensated for hj* a collateral 
circulation indicate that the underlying disorder has been arrested. By as- 
se.ssing the degree of both arterial occlusion and collateral circulation in such a 
case, plethysmographic investigations will assist us greatly in arriving at the 
correct diagnosis and prognosis. 

Kramer^® in his monograph on peripheral vascular diseases .states that the 
usefulness of the plethysmograph is “more along the lines of investigation work 
and physiological research.” I hope to have made it clear that the method 
developed by me lends itself at least as well to routine clinical examinations and 
furnishes information which cannot be obtained by any other method. The time 
has arrived when its wider use in clinics can be advocated. Its essentiality in 
recognizing early structural changes has been stressed. In differentiating oc- 
clusive from spastic vascular disease it has the advantage of supplying exact 
figures for the rate of blood flow, pemitting exact estimation of the relative 
degi’ee of each in a mixed ca.se. In advanced cases the evaluation of the 
peripheral circulation revolves round the presence or absence of an adequate col- 
lateral circulation which can readily be determined by the venous congestion test. 
Such information is of prime importance because the principles on which the 
treatment of these groups must rest differ radically. 

.su:umary and conclusions 

A plethysmographic method for measurement of the blood flow through 
the sldn of the toes is described. The method is sensitive enough to rcgi.ster the 
blood flow through even a small toe in all its detail. The plethy.smogram oh- 
tained furnishes three values: the pulse volume, elianges in the digital volume, 
and, bj' means of the venous congestion test, the rate of blood flow. Of these, 
the height of the pulse volume was found to be an exquisite indicator of hotl> 
organic ocelnsion and vasomotor tone. It varied normally between 0.002 ce, 
during comstriction and 0.045 c.c. during full dilatation. 

Under ordinary laboratory' eonditioms the vasomotor tone in the lower ex- 
tremities is much higher than tliat of the upper ones, their blood flow not heiag 
mobilized for body tempei-aturc regulation like that of the hand.s. Dkdpatiou 
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of heat is primarily effected by the hands and forearms, and only when their 
capacity has been fully exhausted does the vasomotor tone in the toe vessels 
decrease and then their blood flow is used for bod}’" temperature regulation. 
Data furnished suggest that this mechanism is the result of man’s assumption 
of the upright posture. Spontaneous changes in blood flow are less prominent 
in the lower extremities on account of the high vasomotor tone, but they become 
equally marked, as in the upper extremities, once identical conditions prevail. 

The rate of blood flow varied normally between 1 c.c. during fuU constric- 
tion and 90 c.c. per minute for 100 c.c. of tissue during full dilatation. 

The effect of bod}’' heating as obtained by immersion of an independent ex- 
tremity was studied. It is the gradient of the rise in blood temperature effect 
by the heated blood returned which initiates dilatation. Thus, a normal blood 
flow through the immersed extremity becomes very important. 

It was found that the blood flow need not be noimal if the sldn tem- 
perature reaches 32° within thirty minutes (the “normal vasodilatation level”) 
but may be markedly diminished as judged by the results of plethysmographic 
investigations. Plethysmography is therefore essential for detecting early struc- 
tural lesions. The histologic appearance in such a case is shown, proving the 
point in question. 

Once the release of the vasomotor tone is initiated, dilatation is maximal ' 
with body heating. However, two cases are cited in which release of vasomotor 
tone did not occur with body heating. Local application of heat in these cases 
easily demonstrated the patency of the vessels. 

The indication for sympathectomy is discussed. In our cases following 
lumbar sympathectomy there was no return of vasomotor tone in the toes, and 
no regeneration could be demonstrated. In the sjunpathectomized extremity 
body heating decreases the pulse volume, by diverting blood from the sjmpathec- 
tomized extremity to the normal ones. Its clinical importance was stressed. 

It is sho'S’m that the study of peripheral vascular disease is greatly assisted 
by plethysmographic investigations. Exact information becomes available as to 
the degree of occlusion, the degree of spasm, and the degree of the collateral 
circulation. By recording simultaneously excursions of one of the palpable 
arteries, the skin temperature, and the plethysmogram, detailed analysis of the 
peripheral blood flow becomes possible. 

It is with pleasure that I achnowledge my indebtedness to Professor C. F. iM. Saint for 
the interest he has taken in this work and for his helpful criticism. 

I wish to acknowledge with tlianks grants received from the Government Grant Com- 
mittee and the Marais Memorial research fund towards the expense of the research of which 
this paper forms a part. 

To the members of the Honorary Staff of the Groote Schuur Hospital who kindly re- 
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ELEGTROCAUDIO GRAPHIC CHANGES IN CASES OE INFECTIOUS 

HEPATITIS 

Study op Eleven Cases Occurking in an Epidemic 

Helmut Dehn, M.D., Harold Peil, M.D., and Robert E. Rinderknecht, M.D. 

Cleveland, Ohio 

T he sinus bradycardia observed in cases of jaundice is weU knomi, but we 
have been unable to find any report of clinical eleetrocardiograpMc observa- 
tions in the literature. Several experimental studies in animals have been made 
in order to determine the mechanism of the bradycardia and of the lowering of 
the blood pressure. A recent epidemic of infectious jaundice gave us an oppor- 
tunity to study the electrocardiograms of this disease; eleven cases were studied 
during the height of the jaundice and after recovery. 


REPORT OF CASES IN EPIDEMIC 

In all, there were twenty-four cases of infectious hepatitis. The patients 
were all medical students and were in normal physical condition previously. 

In none of the subjects had there been vaccination for yellow fever or other 
innoculation immediately preceding the outbreak. All the patients were mem- 
bers of one fraternity and ate at the same table. The subjects were all febrile, 
the temperature in some cases rising to 40° C. and above. All patients survived, 
and there were no sequelae. Other than the bradycardia, there were no cardiac 
symptoms. The Wassermann and microprecipitation tests were negative in aU 
instances. The cephalin fiocculation test Avas positive in all cases. The agglutina- 
tion test for Leptospira icteroliaemorrliagiae was negative in aU cases. The clini- 
cal data are summarized in Table I. 

Table I. Clinical Features 



TEMPERATURE (®C.) 

BLOOD 

LEUCOCYTES 
(PER CU. MM.) 


ICTERUS 

INDEX 


CASE 

1 ADMIS- 
1 SION 

1 highest' 

PRES- 

SURE 

admis- 

sion 


ALBUMIN 

IN URINE 

ADMIS- 

SION 

HIGHEST 

LIVER* 

1 

38.6 

38.6 

120/80 

5,400 

8,600 

0 

7 

15 

-i-T 

2 

37.6 

38.0 

120/70 

5,750 

6,750 

tr 

24 

24 

+ T 

3 

39.6 

39.6 

120/70 

5,600 

8,200 

tr 

20 

20 

-tT 

4 

40.2 

40.2 

130/80 

2,700 

5,650 

0 

6 

55 

+ T 

5 

40.1 

40.1 

145/70 

5,850 

8,550 

0 

11 

26 

■hT 

6 

39.3 

39.9 

130/60 

5,800 

8,800 

S.P.T. 

16 

24 

T 

7 

37.2 

37.9 

120/75 

5,950 

6,100 

0 

14 

19 

+ T 

8 

37.9 

38.4 

120/80 

6,350 

9,050 

S.T. 


35 

T 

9 

38.4 ■ 

39.3 

130/80 

5,050 

6,000 

0 

7 

11 

-5-T 

10 

39.6 

40.5 

100/60 

5,200 

5,700 

S.P.T. 

17 

22 


11 

37.5 

37.5 

Not re- 
corded 

5,200 

5,200 

0 

45 

45 

+ T 


*-f, palpable ; T, tenderness ; tr^ trace ; S.P.T., slightest possible trace. 
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T.U5I.E 11. ColtPARISON OP T-Wa\-E CHANGES WITH DEGREE OF JAUNDICE 


CASE 

HEART R.ATE 

PER SnXUTE 

[ T WAVE (HEIGHT IN SIM.) | 

ICTEF.es 

INDEX 

lEENESS 1 

RECOVERY 

1 ILLNESS 


1 RECOVERY 1 




Dead I 

2.0 

3.5 


1 

70 

73 

Dead II 

3.0 

5.5 

15 




Lead IH 

1.5 

1.5 





Lead I 

2.5 

3.5 


2 

68 

84 

Lead n 

2.5 

4.5 

24 




Lead IH 

1.0 

1.5 





Lead I 

1.75 

2.5 


3 

61 

* 93 

Lead II 

3.5 

4.0 

20 




Lead III 

1,5 

2.0 





lAiad I 

2.5 . 

3,5 


4 

66 

63 

lAjad II 

2.0 

3.5 

55 




Lead III - 

-1.0 

4* “ 





Lead I 

2.0 

2.0 


5 

66 

100 

Lead II 

2.5 

3.0 

2f) 




Lead III 

1.0 

1.0 





Tjcad I 

0.75 

1.5 


6 

52 

91 

Lead II 

0.5 

1.0 

24 




Lead III 

+ - 

-f "■ 





Lead I 

1.75 

2.5 


7 

56 • 

73 

Lead II 

0.5 

1.0 

19 




Lead m - 

-1.0 

-1.0 





Lead I 

2.0 

4,0 


S 

80 

7o 

Lead H 

2.5 

5.5 

35 




Lead III 

1.0 

1.5 





Lead I 

3.0 

4.0 


■ 9 

55 

76 

Lead II 

5.0 

4.0 

11 




Lead ni 

1.5 

1.0 





Lead I 

1.5 

2.5 


10 

102 

48 

Lead II 

2.5 

4.0 

OO 




lAiad in 

1.5 

1.5 





Lead I 

2.0 

2.0 


11 

64 

59 

Lead II * 

1.5 

2.0 

45 




Ijcad m 

-0.,5 

1.0 



EUJCTKOCARDIOGRAPHIC I'lNDI.VGS 

Electrocardiogranu; -were taken in all eleven case.s (Leads I, II, and III) on 
admission and after recover^'. Table II is a .summary of the heart rate, tho 
height of the T wave, and the icterus indc-v. 

On comparing the T-wavc changes with the icterus index, no correlation 
seen. Likewi.se the temperature had little influence on the heart rate — .some of 
the higher rates were found in the patients with lower temperatures and with 
high icterus indices, as noted in Table I. 

In all instance-s. nonnal mechanism was pre.scnt and, wth it, sinw^ 
arrhythmia. In eight of the ca.se.s there was a moderate bradycardia during the 
height of the disease, and in two ca.se.s the heart rate was slightly higher than 
after convalescence. In one instance there was no change in heart rate. 
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Table m. Q-T Interval During Jaundice and After Eecovery 


HEART RATE | 

CYCLE 

LENGTH 

K (Q-T = 

K TC) 

CASE 

1 JAUNDICED 

1 RECOVERY 

JAUNDICED 

1 RECOVERY 

JAUNDICED 1 

RECOVERY 

1 

70 

65 

0.86 

0.92 

0.389 

0.376 

2 

^ 68 

75 

0.88 

0.80 

0.384 

0.369 

3 

61 

67 

0.98 

0.90 

0.390 

0.40 

4 

66 

80 

0.91 

0.75 

0.379 

0.392 

5 

66 

72 

0.91 

0.83 

0.379 

0.362 

6 

52 

69 

1.15 

0.87 

0.391 

0.375 

7 

56' 

68 

1.07 

0.88 

0.396 

0.395 

8 

80 

84 

0.75 

0.71 

0.393 

0.392 

9 

55 

65 

1.09 

0.92 

0.383 

0.385 

10 

•102 

65 

0.59 

0.92 

0.391 

0.376 

11 

64 

75 

0.94 

0.80 

0.392 

0.381 




Table IV. 

Effect of Exercise 




1 AT REST j 

AFTER 

exercise (hops) 


CASE 

HEART RATE 

1 T "WAVES 

(MV) 1 

HEART RATE 

1 T WAVES (MV) 



Lead I 

0.35 


Lead I 

0.25 

1 

65 

Lead II 

0.50 

86 

Lead II 

0.35 



Lead HI 

0.10 


Lead HI 

0.10 



Lead I 

0.35 


Lead I 

0.35 

2 

75 

Lead II 

0.45 

96 

Lead II 

0,40 



Lead IH 

0.15 


Lead III 

0.10 



Lead I 

0.20 


Lead I 

0.15 

3 

67 . 

Lead II 

0.35 

82 

Lead II 

0.30 



Lead III 

0.15 


Lead HI 

0.10 



Lead I 

0.30 


Lead I 

0.15 

4 

80 

Lead II 

0.25 

113 

Lead 11 

0.15 


Lead III 

-0.10 


Lead HI 

-0.10 



Lead I 

0.20 


Lead I 

0.15 

5 

72 

Lead II 

0.30 

84 

Lead II 

0.25 


Lead HI 

0.10 


Lead HI 

0.10 



Lead I 

0.10 


Lead I 

0.10 

6 

69 

Lead H 

0.10 

84 

Lead H 

0.10 



Lead HI 

-0.05 


Lead HI 

-0.05 



Lead I 

0.25 


Lead I 

0.15 

7 

68 

Lead II 

0.10 

88 

Lead H 

0.15 


Lead HI 

-0.10 


Lead IH 

— U.Oo 



Lead I 

0.40 


Lead I 

0.25 

8 

84 

Lead H 

0.55 

103 

• Lead II 

0.40 

Lead IH 

0.15 


Lead HI 

0.15 



Lead I 

0.40 


Lead I 

0.40 

9 

65 

Lead H 

0.40 

78 

Lead H 

0.45 


Lead IH 

0.10 


Lead HI 

0.15 



Lead I 

0.25 


Lead I 

0.15 

10 

65 

' Lead H 

0.40 

107 

Lead H 

0.30 

Lead HI 

0.15 


Lead IH 

0.20 



Lead I 

0.20 


Lead I 

0.15 

11 

78 

Lead H 

0.20 

88 

Lead H 

0.20 

Lead HI 

0.10 


Lead HI 

0.05 


Case Z. 


Case Q 
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P-R Interval. — This, in all cases but one, was normal and was imchanged 
after recovery. In one ease the P-R interval was 0.2 second during the disease 
and 0.16 second after recovery. 

The QRS Complex . — There was a decrease in the voltage of the QES com- 
plex in some of the cases. The QRS interval was unaltered. 

Q~T Interval . — This was compared vnth the calculated value for the cor- 
responding heart rate (Q-T == K VO). IC was within normal limits during the 
disease and was unaltered after recover}^ (Table III). The normal value of K 
for males is 0.397 with a range of between 0.337 and 0.433.’^ 

P Wave . — The P wave was normal in all cases except in Case 3, in which 
Pa was inverted during the period of jaundice; it became upright after con- 
valescence. In this case, the P wave was inverted again after exercise. 

R-T Segment . — There was no change in the R-T portion of the curve. 

T Wave . — ^In nine out of eleven records, the T wave was lower during the 
period of jaundice. This flattening of the T deflection was noted especially in 
Leads I and II. After convalescence was completed the T waves became noimal 
and, in six cases, resembled records taken two years previously. In Pigs. 1 
and 2 are the electrocardiograms of four of the cases (a) during the height 
of the disease and (6) after recovery. 

MECHANISM OP ACTION OF JAUNDICE ON THE HEART 

Several possible factors in producing the electrocardiographic changes may 
be suggested. Bunting and Brown^ reported finding, in the myocardium, hyalin- 
ization and necrosis of the cells, to which they attributed the death of their rabbits 
within twenty-four hours after the intraperitoneal injection of bile. Baltaceano 
and Yasiliu® ascribed the hypotension after the intraperitoneal injection of bile 
to the direct effect on the heart. Emerson^ caused a fall in blood pressure, 
arrhythmia, and cardiac standstill in dogs foUo^ving the intravenous injection 
of whole bile or bile salts. Horrall and Carlson® believed that bile salts act 
on the vagus endings and also directly on the myocardium through the coronary 
circulation. Regan and HorralP noted a fall in blood pressure in dogs following 
the intravenous injection of sodium glycoeholate. StilP demonstrated experi- 
mentally that the intravenous injection of small amounts of bile acids caused a 
slight rise in blood pressure and that large doses produced a marked faU. Ries 
and StOl® decided that bile salts in small doses caused an increase in the irrita- 
bility of the vagus endings in dogs, and that large doses blocked the same end- 
ings, Meltzer and Salant,® working on rabbits, affirmed Still’s findings, Buch- 
bihder,^® worldng on puppies attributed the bradycardia experimentally pro- 
duced to a reflex through the vagus. Barulc and Camus“ believed that the 
bradycardia was due to bulbar intoxication. 'Waldm, Essex, and Slann,^® work- 
ing on denemmted hearts (isolated) of rabbits, found that perfusion ^vith 
preparations of bile salts and of whole bile resulted in a slowing of the heart 
rate, a diminution in the amplitude of contraction, and various cardiac dis- 
turbances (ventricular alternation, extrasystoles, and ventricular fibrillation). 
Working on dogs, they^® concluded that whole bile and bOe acids injected intra- 
venously produced the same hypotensive effect and cardiac changes (brady- 
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cardia and disturbances in rhj'thm) in the absence, as well as in the presence, 
of the cardiac autonomic neiwes. Sehacter and Dworldn^* concluded that the 
characteristic depressor action of bile salts in the circulating blood is not 
essentially due to the inhibition of cholinesterase. 

Infectious jaundice is a generalized infection and the cardiovascular mani- 
festation may be due to another factor, the direct involvment of the myo- 
cardium. Dawson and Hurne^® reported a case of spirochetal jaundice vlih 
paroxysmal auricular fibrillation. JIarchal, Soulie, and Roy^® reported, in the 
same condition, transient prolongation of the P-R inteiwal and abnormal T 
waves. Electrocardiographic changes (paroxysmal auricular fibrillation, tran- 
sient prolongation of the P-R inten'al, and flattening or inversion of thp 
T waves^®"’®) have been noted in cases of spirochetal jaundice. In Weil’s disease, 
pathologic changes (parenchynnatous and interstitial changes with nuclear 
swelling, chromatolysis, infiltration of the interstitial tissue by lymiphocytcs, 
and polymoi’phonuclear leueoey'tcs) have been described in the myocardium. 
Other obsen^ers have noted perivascular cellular infiltration, vacuolization, 
loss of striation, and hyalinization of the muscle bundles, acute leptospiml 
vegetative endocarditis, .spirochetes in the myocardium, and multiple hemor- 
rhages in the pei'ieardium, subepicardium, and myocardium.”’^' 

EFFECT OP EXERCISE ON THE SIZE AND SHAPE OF THE T WAVE 

Because it was suggested that the T-wave changes noted in the eleven 
cases of infectious jaundice might be due to changing heart rate, the clcvon 
subjects were studied .several months after recovery. Electrocardiogram.s were 
taken after a thirty-minute rest period and after twenty-five to thirty vugormis 
hops. The data of this study are summaidzed in Table IV. It can be seen that, 
after exercise, the T waves became smaller (in at least two leads) in nine out of 
the eleven cases. In one case there was no change. In one case there was an 
increase in two leads; the increase was rao.st noticeable in Leads I and II- 

In another grou]) of eleven normal persons, the height of the T wave was 
lowered by exercise in six cases; in four ca.ses the T wave was increased m 
amplitude; and in one ease there was no change. Thus, in a total of twenty- 
two controls, including the eleven cases of the series here reported (after 
recovery), tachycardia lowered the T wave in fifteen and increased it in five. 
The effect of exercise on the T wave was studied by Wood and Wolferth,* 
.and their conclusion was that exercise caused an elevation in some controls an^ 
a depression in others. ClouglP® and Levine et al.^‘ studied the electrocardio- 
grams after the subcutaneous injection of epinephrine and found in most 
instances a decrea.se in the height of the T wave at the time of the maximum 
epinepln-jne effect. In the cases of jaundice, the T wave was reduced in ampli- 
tude although bradycardia was usually present. Therefore change in the heart 
rate was not respon.sible for the decrease in amplitude of the T deflection- 


SUJIMARY 

1. In an epidemic of twenty-four cases of infectious hepatitis, eleven aulr 
jects were studied clectroeardiographically at the height of the disca-sc am^ 
after recovery. 
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2. In nine cases the T wave was depressed dnrmg the disease and became 
normal after recovery. 

3. There was no correlation between the depression of the T wave and the 
height of the fever or tlie intensity of the jaundice. 

4. A study of a control group of persons after exercise revealed a depres- 
sion of the. T wave (-svith acceleration of heart rate), thus showing that the 
bradycardia was not responsible for the electrocardiographic changes. 

5. A renew of the reports of experiments in which bile salts and whole 
bile were injected into animals revealed similar T-wave changes which were 
probably due to an effect either on the vagus endings in the heart or on the 
myocardium itself. The myocardial effect is probably important in cases of 
"Weil’s disease, as evidenced by the reported pathologic findings in the myo- 
cardium. 

Miss Olive Park and I^Iiss Marjorie Prasier assisted in the technical work, and we are 
indebted to them. 
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A METHOD POE THE CONSTEUCTION OF THE VECTOECAEDIOGEAM 
PEOM THE EINTHOVEN ELECTEOCAEDIOGEAM 

Predekick H. Howard, M.D, 

New York, N. Y. 

T he term ‘‘vectorcardiogram” was applied by "Wilson and Johnston^ to a 
kind of record whieb shows in a single tracing the variations of the electric 
field within the body during the heartbeat. The record is made by means of a 
cathode-ray tube so connected to the Einthoven limb electrodes that the po- 
tential-differences at the surface points combine to control the electron beam in 
such a way that the movements of the light spot on the fluorescent screen repre- 
sent the changes in the direction and intensity of electric force due to the heart’s 
activity. During diastole, when there are no potential differences in the heart, 
the spot of light remains stationary at the center of the screen. When activa- 
tion of the heart muscle occurs and potential differences arise, the light spot is 
displaced to a succession of new positions which represent by direction and dis- 
tance from the center the changing orientation and intensity of the electric field. 
The light spot finally returns to the center of the screen as the electric field 
fades at the end of the systole. The tracing consists of two loops of irregularly 
elliptical form, one being inscribed during the QES period, the other during 
the T period. The latter is continuous with the former at a point which usually 
lies near the center of the screen. The electrical effects of auricular activity 
cause a similar but rather small displacement of the electron beam, but this 
effect, which is of less importance than is that produced by the ventricles, wiU be 
omitted from the present discussion. The movement of the light spot recorded 
on photographic fi^m constitutes the vectorcardiogram. In this paper it wEl be 
referred to as the “VC,” For examples of such records the reader is referred 
to Pig. 8. 

During four years prior to 1940 the technique of vector representation of 
the heart’s electric field was developed actively in Germany. By means of 
cathode-ray apparatus, connected to surface electrodes in one manner or another, 
several investigators^"^® produced records of different types and called by 
various names (Vektordiagramm, Triogramm, etc.) and had commenced a study 
of their clinical significance. In the comprehensive paper published early in 
1940, Sehellong® reviewed the work of others and reported his own investi- 
gations, wEile the paper by HoUmann and Guckes® dealt -with the more impor- 
tant clinical interpretations, as well as with the technique. 

it must be emphasized that the VC discloses nothing but that which is im- 
plicit in the electrocardiogram. "When the potential differences between the 
electrodes in each lead are recorded separately, the eleetrocardiogi'am is pro- 
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duced. If, on the other hand, these three potential differences are coinbitictl 
suitably by instrumental means, the result, a VC, is a unitary record to whiefi 
each of the three leads makes a contribution determined by the geometric rela- 
tion of the lead to the actual electric field. In brief, the electrocardiogram niny 
be said to analyze the field of electric foi*ce into three components, Mhilc the YC 
apparatus serves to recombine these components into a single unitary vicAv of the 
field. 

The true VC is, of coui-se, a space curve, for the electric field of the body 
is extended in three dimensions in space; but, .since the electrocardiogram 
is derived from potential differences measured only in the frontal plane of tlic 
body, the VC is a frontal plane projection of the true spatial VC. It is pas- 
sible to derive the spatial VC by means of .special records made by the cathode- 
ray^ apparatus and viewed stereoscopiealJy. TJie German inA'cstigators pre- 
viously referred to gaAm much attention to this .stereoscopic technique and pro- 
duced an interesting and probably important type of record. Ilowcver, this 
phase of vectorcardiography will not be considered here since our concern is 
mei’ely v?ith a method of translating the electrocardiogram into the related 
frontal plane VC. 

Since the VC is a product of the instrumental symthesis of the potential 
differences occurring in the three electrocardiographic leads, it is to be cxpcetccl 
that the same curve could be derived by analytic or gi-aphie treatment of quan- 
tities given by measurements made on the electrocardiogram. The object of the 
present paper is to describe a method by^ which this translation of an electro- 
cardiogram into a VC may be made graphically with a minimum of effort and 
time, yielding a useful approximation to the exact VC. 

In 1920, ^lann” described the mathematical relationship between the 
electrocardiogram and a constructed cuiwe, called by him a ‘‘monocardiogram.’' 
representing the variation of the electric field during the lieartbeat. I believe 
Mann was the first to employ a tracing of the tenninus of the changing vector 
to represent the .successive vectors themselves, although Lewis, several year:? 
previously, and perhaps olliei-s before him, had employed diagrams picturing 
the vector at successive instants by means of lines radiating from a common cen- 
ter like the ribs of a fan. Mann’s method ]n-ovides a tracing which faitbfulb' 
represents the vector changes, but the technique is tedious and time-eonsrnninc- 
!Mann, liimself, stated that the drawing of one monocardiogram “involved 
many hours of careful wox*k,“ and it is probable that the neglect of 1'’' 
method has been due to the impracticability* of employing the method in nuiimr- 
ous cases, rather than to doubt about the value of the information that migl-1 
have been derived. The method to be dascribed here has been dcvclojnl in 
hope that its facility* may* lead to frequent employment and to dheovery o; 
meaning in the VC not apparent in the electrocardiogram. The possible, 
fulness of the VG method can be tc.stod adequately only by its application to 
large number of cases, and for this a facile method is nc<’ded. Ko doubt tl-' 
cathode-ray* apparatus, connected through the network devised by V'ilson. 
vidcs the ideal means, but the apparatus at pi-c.senf is available only to a 
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investigators. However, in one respect, the constructed VC has an unique ad- 
vantage over the recorded VC: the analysis may be applied to electrocardio- 
grams of selected tjqies chosen from the store of existing records, and thus the 
investigator rapidly may accumulate data which may be treated statistically. 



j'ig. 1 . — The threefold reference syttcni. Each x axis divides the whole field into a 
positive and a negative half for Ihe plotting of positive and negative potentials recorded in 
the respective lead tracings. The positive and negative y axes serve for the measm-ement of 
the departure of the QRS and T loops from tlie respective x axes. Scale on 1 / axis: 1 unit = 
0.1 millivolt. 


THE METHOD OF CONSTRUCTING THE VECTORCARDIOGRAM 

The pruiciple of the method of construction is nnplicit in the well-lmown 
diagrams, published by many authors, showing the relation of the three lead 
tracings to the vector of the electric field framed in the Einthoven equilateral 
triangle. It is uiuiecessaiy here to attempt a justification of the Einthoven 
hypothesis in order to give validity to the VC. It is not claimed that the 
VC is a true graph of vector behavior; it is no more than an integrated 
view of the electrocardiogram. The integration, it is true, is based on the 
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Einthoven assumptions, but, even if these assimiptions do not correspond elosclv 
to the facts, the hypothesis may be adopted arbitrarily as a means of arriunj 
at a unitary view of the three electrocardiographic leads, which then may b' 
correlated usefully vrith pathologic states and processes of the heart. 

The frame of reference within which the VC is to be dravm consists of sis 
lines intersecting at a common point, the origin, and separated by angular 
intervals of 30 degrees. These six lines, grouped in three pairs, form thm- 
overlapping reference systems, each of which serves for the representation ni 
the potential differences recorded by one of the three leads of the electrocardi'> 
gram (Pig. 1). Distances and angles in this reference frame will be called 
positive or negative in a sense conforming with long-established electrocardi- 
ographic practice. Thus, distances measured to the riglit or dorvnward will k 
called positive, while those measured in the opposite direction will be consid- 
ered negative. Angular intervals measured eloclcwise wall be called positive, 
while those that are measured eountereloclcwise will be considered negative.* 

The co-ordinate axes for Lead I are the horizontal at 0° and the vertical at 
90°. The vertical line serves as an rCj axis, and distances measured from this 
line to the right represent positive potentials found in Lead I, whereas negative 
potentials are plotted to the left of the vertical. Distances from the .Tj axi? 
may conveniently be measured along the horizontal by means of a scale marked 
upon it, 1 cm. on the scale representing 0.1 mv., or 1 mm. on a correctly stand- 
ardized electrocardiographic traemg. The horizontal properly may he called 
the axis, for it is along this axis that the ordinates, or amplitude values of tlie 
electrocardiographic tracing, are measured. The axis, at 90°, bears no scale, 
for there is no electrocardiograpliic ciuantity requiring representation in tins 
direction. The axis serves, however, to divide the whole field into a po-sitivc 
and a negative half with respect to Lead I. The second lead potentials, if pc':'' 
tive, are represented by distances measured downward and to tlie right of tk^ 
field from the Xn axis at lo0° in the direction of the axis at 60°. Negative 
potentials in Lead II are, of course, measured from the x„ axis in the oppopk 
direction. Lead III potentials are repre.sented similarly by reference to tkf • 
x^ axis at 30°, positive and negative potentials being measured off from tke 
axis in the 120° and the -60° directions, ]’espcctivelJ^ Although thc.se thrcf, 
coordinate .systems overlap, each is independent of the others and singular tc 
the lead which it seiwes. 

For some purposes it is desirable to define points on the VO by mean? ^ 
the ordinary rectangular co-ordinates. For this purpo.se the horizontal at 
serves as a positive x axis, while that at 90° serves as a positive y axi.s. 

»It F^'Cins Inadvisable, in ek-ctrocardloSTaiUiic studio?, at Ihl.s time, to .adopt Ujc 
matical convention whereby anprxilar Interval.^ li»at .are extended counterc!ocktvi.*’e are 
positive. The wide adoption of tlii.s so-called English .-jj-fifem by matlicm.atlclan' et''* k;.-, 
ici.'^ts probably was duo to lt.s adaptabllitv to the mathematlc-al treatment of election..Fj-^^.^, 
phenomena, developed especially by Engll.'h physlcl.st.s ; but this argument seem'r m 
little weight in clectrocardlopraphle studle.i. It pr-rliaps Is n.ot widely known that 
li,-h system ha.s no universal .sanction; French mfithematlcians formerly caileo v 
motion positive, or were eclectic In the matter, choosing w-hlchever designation 
purpo-^e In h<and. It may be that the Engli.sh py.'.tcm serves better when the 
clectrocanilographtc problems Is extended into tlie fiejd of m.athemnttc.al tiby.'-le.", a.s 
of the wriUngfi of "Wilson and of IJ.aylcy, but for the simpler analyre,«, .«ue}i -a." tiio«'- 
paper, the Kyetem which v-'os emrdoyed by Elnthr.vfn .and, since then, ban At '»i 1* 

s/--em.« iK-lter suitr-'l. Since the .mean vector in norrn.al c.-t.sfs Is directed oof.mtvam . 
convenient and natural to u.-jo the po'itive sign for angular intervals measured t.owr. 
from the horlxonta! axl.a. 



HOWARD: METHOD FOR CONSTRUCTION OF VECTORC^VRDIOGRAM 


195 


It \vill bo seon at oncG that this method of representing electrocardiographic 
potentials is strictly consistent with the Einthoven scheme. The (0°), y^ 
(60°), and 1/3 (120°) axes are parallel, respectively, to the three sides of the 
equilateral triangle. Positive angular intervals are measured cloclnvdse from the 
horizontal axis and positive potentials are measured in the 0°, 60°, and 120° 
directions. 




Fig. 2. — ^The composition of the polygonal envelope of tlie QRS loop is effected by combining 
the three zones that define the potentials recorded in the respective leads. 

The approximate VC is drawn in this co-ordinate system in the manner now 
to be described. The equipment necessary for the work is simple. Two draft- 
man’s triangles, each having angles of 30°, 60°, and 90° are needed. The 
origin should be placed somewhat to the left of the center of a sheet of paper 
8 by 10 inches. The six axes are readily drawn by suitable manipulation of the 
triangles. The y axes should be graduated in centimeters, each centimeter repre- 
senting 0.1 millivolt. If much work is to be done time is saved by the use of 



AMnRir.vN' joukn'ai 


196 


iniiiicoq-niiihcfi foniis. j)ividei-s may be used lo measure amplitudes in tiu' 
(‘k'ctrofardio?ram. but this is not nccessaiy since visual estimates give as much 
precision as the vork calls for. 

Tlic maximum positive and negative voltages of the QKS complex in each 
li>ad fracinu arc measured and plotted as points on the proper y axes. Through 
ea<-]i of tlio^^e points a line is drawn at I'ight angles across the y axis (Pig. 2). 
I'-or each lead there will be two .such lines. Each pair of lines defines a zone the 
b'ngtli of which is unlimited Imt whose lateral boundaries represent the positive 
and noealive limits of .amplitude shown in the respective electrocardiographic 
leaii.’ Therefore, the YC must lie Avithin each zone and be tangent to the lateral 
haundaries oi each. Oomsequcntly, the YU must lie in the area common to the 
three zones and ho tangent to each of its bound.-iries. TJiis common area Ls a 
.si.x-sidcd jjolycon. constituting an envelope of the YC. Although the tangent 
points are not defined, the polygon. nevcrlhelc.ss, reveals the general shape of 
the YC and its orientation in the field. An enveloping polygon outlining the 
T loo]) is to be constructed in tlic .same manner. 

TJic YC might be defined more closely if the maximum and minimum ]) 0 - 
tentiuls along other axes also were to bo recorded by the clcctroeardiogi'aph. It 
is possible to accomplish this by a simple maneuver (Pig. 3). If the electrode 
on the. left ai-m and that mi the left leg arc connected through a resistance of, 
say, 5,0fK) ohms the potential at the mid-point of the resistance will he equal to 
the mean of the potentials at the loft arm and the left leg. Now, if the mid- 
point ho connected throuali a galvanomelei* with the right arm electrode, an 
elect roeardiogi'am may be recorded which represents proportionally the dif- 
ference in potential along an axis midwaj' between that of Lead I and Le.ad II, 
that is. an axis at 30“*. The magnitude of the voltages recorded vsill be somewhat 
Ic'is 111, an that appropriate to a tnic 30° lead, but the full theoretic v.alnes for 
a 30° lead may lie obtained by multiplying tlic recorder] voltage.s by the factor 
or 1.15, Similarly, a p.seiKlo-90° tracing may be made by connecting 
the mid-i»oint of a resistance between the right and the left arm through the 
u.'ilvanmnoter to the left leg. A tliird interpolated lead, recording the propor- 
tional voltage in the 150° direction, requires. a rcsi.stnnee between the right 
arm and the left leg and a emmection from its mid-point through the galvanom- 
eter to the left arm. If, now, the maximum and minimum potentials recorded 
by tlicsc interpolated leads be me.'iMjred and each multiplied by 1,15, the three 
jiair.s of valui s .^o obtained inny bo used lo locate six more aides to bo added to 
tiie juilygon enveloping tjie YC. TJic twofold inej'ease in (lie number of sides 


mcr-gvs/is j!i(> aceun-.ey v, i(h whieh tlie YC may be <iraA\m, but this acenraej' is 
gained (-niy .at the eo>.l of time and effort wlien the electrocardiogram is re- 
corded, s’o that ilic metlfod probably would not be aeeepfnble for clinical wntine 
hut only for .«-’pefinl stndie.';. 


Tiu' VC no’.v is traced Avithbi iho polygonal envelopes eomstructed for the 
QKS complex .and Lt the T wave, respe-nivcly. I'he QILS loop is begun at the 
smntt r oj the fi, Id and enrjJijuied a.s a smooth curve, grazing in succession each 
»,f the polygun, Thf n< !l>od dn-s not provide any simple meams of determin- 
ing the tangent p>!nts oit f}je fd.x ;ddes, but some eon.sidcration.s which may serve 


J,r 
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5 as a partial guide will be mentioned later. An acquaintance witii the patterns 
of recorded VC loops published by Wilson and Johnston^ (Fig. 8) can be of 
v assistance. The QRS loop ends at the origin or at a near-by point, the loea- 
tion of which is discussed below. Prom tliis point the T loop is drawn in like 
manner within the small polj’gon previously drawn to represent the maximum 
and minimum voltages of the T deflection. As will be apparent later, the di- 
rection of motion of the vector is of importance, but the form of the VC is in- 



Fiff. 3. — The twelve-sided envelope for the QRS loop 5s formed by adding to the basic polygon 
six lines representing the potential limits recorded by means of interpolated leaae. 


dependent of the dtcection in which it is traced. Hence the curve should be 
dra'wn either cloclcwise or countercloekvdse, as appears convenient. The direc- 
tion of rotation then can be determined by methods which will be explained in a 
later section. 

The point at which the end of the QRS loop joins the beginning of the T 
loop is of considerable importance. It will be referred to as J (for junction). 
The corresponding point in the electrocardiogram also will be called J 

♦The svmhol J might well be substituted in electrocardiographic terminology for the 
official term ‘“R-T junction” or for terms inspired by an excess of zeal for precision, such as 
"the R-T or S-T junction as the case may be," a designation actually used by one author. 
The thing to be designated is only a point, and should be indicated by a letter; the com- 
ponent of QRS which ends at the point should be omitted from the general term used to 
indicate the point, 
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To locate J in the vector field the position of / in each electrocardiographic lead 
first is identified and then its displacement from the zei-o level is mcasurccl This 
procedure sometimes is difficult on account of the ill-defined transitiou of the 
QRS complex to the T deflection, or because of uncertainty of the zero level,' or, 
again, because of the variability of the complexes due to respiratory or other ks? 
obvious causes. But, if care is taken, the result rvill be found very nearly to 
satisfy Einthoven’s summation equation, 63 = + Cg. Turning norv to the TO 

field, a point is selected on each of the three y axes corresponding to the re- 
spective potentials of J in the electrocardiogram. Through each of these points 
a line is draum perpendicular to its proper y axis. If the displacements of .7 in 
the electrocardiogram have been measured correctly the lines rnll intersect at a 
I)oint, a necessary consequence of the summation equation; but more often tliev 
uill form a small equilateral triangle the size of which will l)e proportional to 
the errors in measuring the displacement of J in tlie electrocardiogram. If the 
triangle is small a point at its center may be taken as the approximately correct 
position of J. 

The VG, having been sketched in roughly, should be scrutinized, segment 
by segment, to see if it is, in all parts, consistent with the potential ehangc.s re- 
vealed by the electrocardiogram. It is obvious that, where the potential is in- 
creasing in a segment of one lead, the departure of the corresponding segment of 
the VC from the x axis proper to that lead also must be increasing. But it b 
necessary that tliis representation of the sign and rate of change of polentinl 
should be true with respect to all three leads vsimultaneously. If it were pos- 
sible perfectly to fulfill this requirement the VC would be a quite faithful repre- 
sentation of all that is shown in the electrocardiogram, but, of course this ideal 
result is beyond reach. However, it will be found that the simultaneous control 
of the path of the VC by three leads is not too difficult to visualize and that, 
with a little practice, the roughly sketched VC can be rectified to yield useful 
results. 

Theoretically, notching and slurring of QRS can be represented in the VC, 
iuit it was found in practice that such representation was not very satisfactory 
when compared with the cathode-ray record. Unless the faulting is very' coarse it 
is better to neglect it. Whether or not this limitation is a dasideratum from the 
clinical standpoint cannot well be judged until the clinical meaning of short' 
period variations of potential ai'c better understood. 

THE DIWIXOP-VIENT OF DETAIL IN THE CONSTRUCTED VG 

A study of the mathematical relationship of the VC to the electrocardiogram 
reveals several additional characteristics of the loops that may' be deduced from 
the Einthoven record. First, it is possible by' rather simple means to determine 
the dire<’-f ion of the curve in any particular segment, and thus to correct the 
rougiily drawn loop to any dc.sired extent, within modest limil.s. Second, th- 
direction in whicli the loop i.s inscribed may' he determined with certainty' m 
most ca.«e.s. Third, the velocity of inscription of particular segments may 
detcrunurd approximately. All these characteri.slics may be determined hy 
Marinis method, hut that technique seerms' too burdcn.some to he acceptahic, 
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methods will be described here by which these details may be revealed, and it is 
believed that the methods are facile enough to commend themselves to anyone 
not averse to a little computation. 

It must be acknowledged that no great accuracy can he obtained by these 
methods, but it is thought that the approximation can be made close enough 
to give results of some practical value. Accuracy is imobtainable primarily 
because the time element, clearly expressed in the electrocardiogram, is largely 
submerged and lost in the process of constructing the VC, so that it is imprac- 
ticable to identify on the VC a point representing a particular time instant on 
the electrocardiogram. However, it is possible to correlate segments of the VC 
with nearly .simultaneous segments of the electrocardiogram. Thus, early, 
middle, and late segments of the excursive (outgoing) limb of the VC loop 
readily are correlated vnth corresponding segments of the ascending limb of 
the electrocardiographic deflection, and as one becomes accustomed to the tech- 
nique, the simultaneous segments may be defined vdth increasing confidence. 
Another characteristic of the ordinary electrocardiogram makes great accuracy 
unobtainable; the record made -by a galvanometer with only one string neces- 
sarily requires that the three leads be recorded in succession, and thus one does 
not have a first and second lead recqrd of one particular heartbeat ; consequently 
when a second lead deflection is paired with another in the first lead it is by no 
means certain that the two are strictly congruous. 

DETERMINATION OF THE SLOPE OF A SEGMENT OF THE VC 

To determine the direction, or slope, of a particular segment of the VC 
use is made of an electrocardiographic characteristic which, I believe, previously 
has not been considered in electrocardiographic studies, i.e., the slope of the 
electrocardiographic tracing at a particular point. It can be shown that the 
slopes at simultaneous points on the tracings of two electrocardiographic leads 
determine the direction, or slope, of the corresponding segment of the VC. The 
mathematical analysis disclosing this relationship follows immediately. We 
assume that the approximate VC has been drawn. For the rectification of a 
particular segment it is desired to find the average slope of the curve in that 
region. The slope of the VC at any point is that of the tangent with reference 
to the horizontal and vertical axes constituting the x and y axes of a rectangular 
co-ordinate system. The tangent may be expressed as y/x, but since the direc- 
tion of the curve is continually changing we will express the slope by the dif- 
ferential notation 'dy/dx. In the analysis the follovdng symbols also will be 
used. 

E,„, the magnitude of the vector at any point on the VC. 

Cl and 62, the amplitude (voltage) of the electrocardiographic tracing in 
Leads I and II, respectively. 

dCi and de., differentials standing for the slopes of the electrocardiographic 
tracings at corresponding points in Lead I and Lead II. 

X the distance of any point on the VC from the vertical axis. 

• y the distance of any point on the VC from the horizontal axis. 
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^00 


« the angle between the vector and the horizontal axis at any instant. 
t time as measured on tiie electrocardiographic tracing. 

The analysis begins with tlie familiar equations of Einthoven, 


Cj — Epj cos a 

(1) 

Cj == En cos ( Ct)° - a) 

(2) 

Prom these we derive equations gi%'ing the value of x and y in terms of Cj 
and C 2 ^vi^h the angle a eliminated. From the definitions and from the construe- 

tion it is evident that 


X — Cl 

(3) 

From Equation 2, by suilalfie transfonnation* we iiavc 


1 

y — y-j ("-Scs - ej 

(4) 

By dilTerentiation of Equations 3 and 4, with respect to time, 

we obtain 

(lx dCi 

(It dt 

(5) 

dy 1 /2dCi - de'i \ 

di V~3 ^ dt ) 

(3) 

Dividing Equation G by Equation 5 and replacing — by 0.58 

V 3 

dy ^ 1 f2de,_^ 

dx ^/ S ' dCi } 

(r) 

By .similar slciis, enqiloying the slopes measured in Lead I 
obtain 

and Load III, 'h' 

<hj _ 1 (2dc, ^ 

dx y ,9 \ dci ' ( 

(S) 

.and from Lead II and Lead III, 


dy __ 1 /dCj-fdcsX 

dj' \'~3 ^de^ - (IcJ 

(0) 


In t!.c tmncfornriUon an* a*! follcivn: By tl>c utanflard formula for 
C'';inf of tS’c ciifftri.nc'' of tv.o an;*!''.'* liquation 2 mn.y be written 

Os = E {COB CO’ CO'- c -I tin CO* fin c) 
or cj — 5-; n rof c -f ~ I' fin o 
E r!n c = <i - 5} }; cos a 

* f * 

by ar;''! facjcriny. 

E rin c -= — “ fS'^j — I' CO' c) 

« ^ 

* 

lYt-n l! ■* c''-.‘:ru/-tloH. H rs-. a = y, v.bllc by Equation 1 E cos a = c, 

IXtr by «-j 1 'tltutlon, y =: — ^ fj»: - ci) 
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Method of Using the Slope Equations . — ^Any one o£ the three pairs of leads 
may be used for the determination of the slope of a particular segment of the 
VC, but, usually one pair is best suited for measurement ; this should be chosen, 
and. the proper equation used. ■ The slope of the electrocardiographic tracing at 
a selected point may be measured easily in the following manner (Fig. 4) : The 
straight edge of a piece of paper is placed accurately tangent to the tracing at 
the selected point. A small protractor is then placed so that its base edge 
coincides with any convenient horizontal line of the electrocardiographic grid, 
the center mark of the protractor being placed at the edge of the paper. Then, 



Fie. 4.— Showing the method of measuring the slope of a segment of electrocardiographic 
tracing by means of a protractor and a paper straiglitedgc. 


on the scale of degrees, the angle betAvcen the edge of the iiaper and the hori- 
zontal grid line is read off. A table of trigonometric functions is used to find 
the tangent of the angle, that is, the slope of the electrocardiogram at the point 
in question. There remains only the substitution of the values found in the 
two leads for the differentials in the proper slope equation (Equation 7, 8, or 9) 
and completion of the indicated calculation. The result is the slope of the 
tangent to the VC. Usually it will .be convenient to find the angle represented 
by the tangent and to use the angle to indicate the direction of the curve. 

Prom^the slope equations simple relations may be deduced by means of 
which it is practicable roughly to deteimine the slope of the VC without the 
use of measurements or calculations, the necessary data being obtained by mere 
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ins})ection of the electrocardiogram. These relations are set forth in Fig. 5, 
The diagram provides data for a rough check on the correctness of the value oi 
the slope obtained by measurements and calculation, but, more especially, it k 
useful for revising the original rough sketch of the VC. 



Kif;. n. — Dinemms for the; rough estiniaUon of tlic slope of ti scKment of the VC. 
dlagTams .show the .slope, dy/dx expros.scd ns angle, of a segment of the VC when the 
dcj/dct or dCi/di't, fias the inclIciitcU value. The ratios of the slopes of tlic clcctroc.aruipgrapnic 
tracing.s are rcprosentcil by the symbol Jt. Ttie corresponding slope of tlio VC l.s shown in 
one or the otlier Indle.atcd sector depending on the sign of the ratio. The value of R varies 
continuously from - cc to i co. Eor approximate results Intermediate values of It may (>' 
Interpolated visually, U.so of the diagram may be Illustrated a.s follows: If the slope of I'cir- 
ment of the electrocardiogram in Read II (s about twice a.s grc.at as the slope of the correspond- 
ing repnont In Load I tbe ft =r 2/ if the slopes of the segments of the cloctrocardlonTain 
arc both positive or both negative, then the slope of the corresponding segment of the vC 
will be shown In the first dlagr-ani by Uio radius in the sector of like .signs where It — , • 
This slope In 60', These diagrams must not bo rnkstaken for representations of the vector 
field witti the rndll as vectors of electric force; the r.adli represent merely the slope of n 
regment of the VC. and the sepnent in question may He in any part of the vector field. 


THE ROTATION OF TIIK VECTOR 

It seems probable tliat tlic sense of rotation of Ibe VC® is a' significant 
characteris’tic of tlie vector motion and tliat inetliods for its recognition may 
be u.seful in clinical diagnosis. But it is obvious that a more fundamental 
cbnract eristic of vector behavior i.s the rotation of the spatial vector, and the 
quest inn arisc.s, to wliat e.vtcnt does the apparent rotation in the frontal plane 
rctlcct the tnic motion of the vector in space. On consideration it will be seen 
tliat the true motion in space cannot be deduced from the apparent motion in tin? 
fnmtal plane. To make tliis fact obvious, let us assume that the spatial loop He- 
throughout its extent in one plane, that the generating point rotates continuously 
in one direction and that the frontal plane pro.icction of the generating point 
appears to rotate clockwhsc. Now Jet the plane of the spatial loop be turned on 
an .axis that lie.s within the plane and also pa.s.scs through the origin, until the 

.. of rotation ,'ind direction of rotritlon of the gf-norntJng point or of tfi' 

M' «.!. H'.'.l i.'.t'Trhcjigs-jibiy .-md with Idcnllcnl mcnninc. ClackwjFC rotation will 

rot.ntfon will be callod n'-gatlvc. 
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plane of the loop is perpendicular to the frontal plane. The projected loop will 
appear to become narrower, but without change in the sense of rotation, until 
the plane of the spatial loop reaches a position perpendicular to the frontal 
plane. As the turning is continued the projection in the frontal plane again 
appears as a loop, but the sense of rotation now will be counterclockwise. Hence 
we are forced to the conclusion that, if a slight change in the orientation of the 
spatial loop without other change in the character of the true vector motion 
causes the rotation of the VC to change from positive to negative, the sense of 
rotation in our constructed VC cannot be regarded as of certain and fundamental 
significance. There remains, however, the possibility that a study of the VC may 
sho\v tendencies for changes in rotation to be correlated -with states of the 
myocardium. Alread}’’ it is apparent that in the normal heart the frontal 
projection of the QRS vector rotates clockwise in nearly all cases, while rotation 
in the opposite direction is common in eases of left ventricular hjTpertrophy 
or when there exists well-marked counterclockwise rotation of the heart on its 
longitudinal axis, such as is common in hearts occupying a transverse position. 

When the cathode-ray apparatus is more generally available it is likely that 
the stereoscopic method will enable us to explore the meaning of the true motion 
of the spatial vector, but in the meantime there is an opportunity to search for 
provisional meanings in the constructed VC and thus to prepare for tlie more 
intimate study by more adequate means. 

By methods which will be described it has been found practicable to recog- 
nize the sense of rotation of the generating point of the constructed VO with a 
fair degree of certainty in a considerable proportion of records. However, there 
is one type of record in which it is futile to attempt recognition. When a loop 
is very narrow and straight the curvature is too slight to permit recognition. 
This tj’pe of loop appears when the electrocardiogram shows in one lead a very 
slightly developed defiection, as in the approximately isoelectric T wave. 

RECOGNITION OF SENSE OF ROTATION OF LOOP 

The sense of rotation of the QKS loop usually can be recognized by mere 
inspection of the tracing. The loop almost alwaj^'s lies to some extent on both the 
positive and the negative sides of the x axis of one of the leads. In this case the 
electrocardiogram is diphasic in that lead and then the order of succession of 
the positive and negative phases of the deflection indicates the order in which 
the positive and negative halves of the vector field are traversed by the generat- 
ing point (Pig. 6). The diphasic character most often is shown by the third 
lead tracing, but when no single lead gives a clear iadication a decision often can 
be reached by taking account of a concurrent indication found in another lead. 

In the case of the T loop, judgment is more difficult, for in the majority 
of records the T deflection is not diphasic in any lead. However, there are 
several special methods by one or more of which a conclusion usually can be 
reached. Three methods will be described j they will be arranged in the order 
of facility of application. Each of the methods, though sound in principle, may 
fail in certain eases. Usually it is best to employ more than one method and to 
accept the consensus. 
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First Method . — the T wave is definitely diphasic in one or more leads, 
the sense of rotation can be recognized at once by application of the same prin- 
ciple as in the case of the diphasic QRS complex. 

Second Method . — It may be seen by reference to any of the constructed 
yC’s reproduced "with this report that the generating point for either the QES 
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or the T loop, moving cloekivise, readies the positive boundaries of the envelop- 
ing polygon in the order; Lead I. Lead II, Lead III. If the rotation is counter- 
clockwise this order is reversed. The modification of the rule for the ease of 
maximum negative deflections is obvious. If then a T loop has been constructed 
from a particular electrocardiogram, the sense of rotation can bo recognized if 
we learn the order in ivhieh the apices of the T nnres were inscribed in two of 
the leads. In^ general, this can be determined by measuring the abscissas of the 
apices from simultaneous points in the two leads. In most records the apices 
of the H deflection, in the two leads where the H- wave is highest, are very nearly 
smiultaneons, the phase difference usually being less than 0.01 second (0.25 mm. 
with the usual recording speed). Consequently the apices of the 1? deflections 
usually may be taken as faiily reliable zero points for measuring the time in- 
terval to the apices of the T wave. But unless the phase difference of the two 
apices is found to be ratlier more than 0.25 mm., the significance of the measure- 
ment will he in some doubt and a conclusion as to wliich is the leading T wave 
should he made with some reserve. The conclusion can be tested by employing 
either the beginning or end of the QRS deflection as a base point, but these 
positions often are deceptive and their identification should ])e made ndth care 
after selecting complexes in which the breakaway point is clearly defined. 

Third Method — The Gxirvatxire Test . — This test has proved to be very 
easily applied, requiring little more than mere inspection of the electrocardio- 
gram. Unfortunately a somewhat involved explanation scarcely can be avoided 
if the priiiciple is to be set forth adequately. 

If the vector is turning clockwise, the slope of tlie TO continnonsh* in- 
creases. This remains true in whatever quadrant the tangent to the VC may 
lie. If the slope is positive at the beginning of the loop it will assume increasing 
values until 90° is reacbed, where the value is infinite. As cloclvwise rotation 
is continued, the slope becomes negative but of large absolute value. Then 
smaller absolute values follow, but since they are negative they are, in fact, in- 
creasing. The same holds true throughout the full circle. Contrariwise, if the 
rotation is continuously coimterclockvise the slope of tiie tangent diminishes 
continnousl 5 ^ If a function is increasing, its derivative is positive; if de- 
creasing, its derivative is negative. Therefore we can learn V'hetlier di//d.v is 
increasing or diminishing at a given point on the cuiwe by obtaining tlie deriva- 
tive of that function and noting its sign. Since the function of which we seek 
the derivative is itself a derivative of xj udlh respect to x, tlie result of the 
differentiation is the second derivative of y with respect to x. Tliis will, as usual, 
he expressed by dry/dx"^. Therefore, to find the sign of d~y/dx- for a par- 
ticular point on the VC, we write the derivative of llie right-hand member of 
each slope equation. From Equation 7 the derivative is 

de-s^d’^Cn - deM-e^ 

, {dey ■ (7a) 

Prom Equation 8 the derivative is 

dCid-Cg - deM~Ci 
{dej- 


(8a) 
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From Equation 9 the derivative is 


(de^ - dej^ ' (9a) 


To determine whether the slope of the VC at a point is increasing or 
diminishing it is necessary only to know the sign of the second derivative. The 
sign of this function (Equations 7a, 8a, and 9a) is determined hy the sign of the 
numerator in the parentheses, since the sign of the denominator in all eases ranst 
be positive. Now the sign of each term of the numerator can he recognized hy 
mere inspection of the electrocardiogram. If the slope of the tracing is up- 
ward to the right, at the particular point selected for the test, de is positive, 
while a slope that is downward to the right makes de negative. If the slope 
runs homontally de is zero. The terms d^e^ and d^e^. represent the rates of 
change of slope.* For our present purpose this function may be regarded 
as equivalent to "curvature.’’ The sign of the curvature is positive if the 
tracing is concave upward and negative if convex upward. The sign of (Vy/dr} 
now may he determined by noting the sign of the slope and of the curvature at 
the chosen point in each of two electrocardiographic tracings, and combining 
the signs algebraically. In practice it is convenient first to VTite the significant 
numerator of Equation 7a, 8a, or 9a by substitution of symbols that have a more 
obvious meaning. Using 8 for slope and C for curvature these expressions 
then read: 


for Lead I and Lead II, 
for Lead I and Lead III, 
for Lead II and Lead III, 


S.Cs - s,c, 

- S3C, 

s.c, 


S3C3 


These expressions will be referred to as the “curvature formulas.’’ They 
are not the exact mathematical equivalents of the numerators in the paren- 
theses in Equations 7a, 8a, and 9a, but, as previously explained, they serve as 
guides for combining the signs of the slopes and of the curvatures, resulting in a 
correct detei'mination of the sign of the second derivative. The formulas are 
to be used in the following manner: Having selected corresponding short 
segments of the T wave in, say. Leads I and II, the signs of the slopes and 
curvatures are noted and written down in place of the symbols in the first of the 
curvature formulas. For example, in the electrocardiogram of Fig. 6, A, at a 
point about the middle of the S-T segment in Lead I both the slope and the 
curvature are positive, while in Lead II in the corresponding segment the slope 
is positive and the curvature is negative. Thus the signs, as written down, 
read (-f -) - (-}- -t-) . In this ease the sign of the whole expression is negative and 
the slope of the corresponding segment of the VC is shown to be diminishmg, 
that is, the T loop is being traced counterclockwise. 

•The rate of changre of slope, sometimes called the "flexion” of the curve, is related to, 
hut is not identical with, curvature. For an exact statement of the relation a textDooK 
calculus should be consulted. For the purpose of the present analysis It Is sufficient to siai 
two facts concerning the relation. First, the flexion (d=e) and the curvature fhe 

some sign. Second, if tlie slopes are equal in tw'o curves, the flexions are proportional to 
curvatures. For these reasons. In the use of the change of slope equations, no error wm 
introduced by assuming that the d-e terms actually stand for curvature. 
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Tlie availability of this procedure unfortunately is limited to a considerable 
extent by the fact that, if both terms of the formula are positive or both are 
negative, the resultant sign remains indeterminate without a Imowledge of the 
absolute values of the S and C quantities, for, under this condition, the sign of 
the difference will depend on which term is the larger, and this we have no simple 
means of determining. However, there is one condition, easily recognized, under 
which this difficulty does not arise, and the success of the test is assured, namely, 
when the two slopes are of the same sign and the two curvatures are of opposite 
signs, or "vdce versa. In this case the two terms of the formula will have unlike 
signs and the relative magnitudes will not affect the sign -of the difference. 

There are two special eases, frequently occurring, in ^ffiich the cunmture 
formula may be applied with great ease. (A) If a point of zero slope can be 
found in one lead while at the corresponding point in the other lead the slope 
is not zero, then the formula reduces to one term and the sign of the whole 
expression is evident. This test readily maj’" be employed in the analysis of the 
tracing in Pig. 6, A, where To has zero slope at the point of maximum deflection 
while at the corresponding point in T^ the slope is positive. In this case tlie 
formula, imtteu with signs onl}’-, reads (+-) - (0+-). The whole expression, 
then, has a negative sign, thus indicating a countercloclrudse rotation of the VC. 
(B) As explained in the footnote on page 206, the magnitude of two curvatures 
properly may be compared when the slopes are equal. Hence we have the 
following rule : If a segment in one lead has a curvature sensibly greater than 
the curvature in the other lead, and, if in the corresponding segments the tracing 
of greater curvature has a slope at first less, and then greater, than in the other 
lead, it is obvious that at some point in the region of curvature the slopes ^vill 
he equal. It is not necessary that this point be identified ; the Imowledge that it 
exists is sufficient. Since the greater of the C terms is Imovoi by inspection 
of the tracings and the S teims are equal at some point in the segment in ques- 
tion, the greater of the two terms of the curvature formula is obvious and the 
sign of the whole is readil}' foiuid. Electrocardiograms in which this procedure 
is applicable are of frequent occurrence, and a record of this tjTpe is shown in 
Pig. 6, B. If points near the middle of the S-T segments of Lead I and Lead II 
of that record are examined it readily can be seen that at some point the slopes 
are equal and positive and that the curvature at that point in Lead II is greater 
than in Lead I, and that in each lead the curvature is -positive. Hence 
/S'j^Oo > /S'jCj and the sign of the whole expression is positive. Therefore, the T 
loop in the segment in question is rotating in a cloclrwise direction. 

The -curvature test, of course, reveals the sense of rotation only of the 
limited segment to which it is applied, but usually it is true that the rotation 
obtaining in any considerable segment of the T loop ■will be found to prevail 
throughout. If T loops in the form of limes, figures of eight or other more 
complicated figures were common, the determination of the direction of rotation 
at one, or even at two points could not be trusted, but such foi-ins appear to 
be uncommon. Through the kindness of Dr, Mann I had an opportunity to 
search through a large number of his recorded monocardiograms and failed 
to find an instance of a deceptively irregular loop ; in all cases where the loops 
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were clearly inscribed they appeared as somewliat irregular ellipses each having 
a rotation, the sense of which was maintained tliroughout. It is desirable that 
this point be verified by means of VC’s eleetricallj'- recorded and made with 
reduced light intensity so that the form of tlie T loop may be recorded clearly 
throughout its full path. 


THE VELOCITY OF INSCRIPTION IN A SEGMENT OF THE VECTORCARDIOGRAM 

The electrocardiogram is a time-potential graph, but the process by which 
the VC is constructed eliminates the time factor from the result; therefore the 
time required for the generating point to trace out any given segment cannot 
be determined without a further analysis. In the ease of the electrically recorded 
VC Wilson revealed the velocity’' of inscription by the ingenious device of inter- 
rupting the accelerating voltage through the cathode-ray tube at a known fre- 
quency, say two hundred interruptions per second. The effect of this was to 
make the tracing appear as a series of dashes the number of Avhich per nnit 
length of the curve indicated the velocity. It has seemed desirable to introduce 
the velocity characteristic into the constructed VC, and a practicable means to 
this end will be described. 

The velocity of inscription in a chosen segment may be determined rather 
simply by the use of the following principle. If at any point in the VC the rate 
of increase of the distance of the generating point from the axis is Icnown, 
and if the direction of motion of the generating point at that instant also is 
known, the linear velocity of inscription may be represented by the equation 


dx 
cos 0 


'( 10 ) 


where ds stands for the linear velocity, dx for the horizontal component of that 
velocity, and 6 for the angle betAveen the horizontal and the tangent to the VC at 
the point in question, dx is essentially identical AAOth the cZOi of Equations 1, 
8, and 9, that is, it is the slope of the electrocardiogram in the corresponding 
segment. Hei’etofore, the slope of the electrocardiographic tracing has been 
expressed as angle or tangent of angle, but for the present purpose it con- 
veniently may be expressed as millivolts per second. Unit slope may be taken 
as 45°, where the tangent is unity, and at this angle the rate of change of slope 
is 2.5 mv per second. Therefore, AAdien the .slope of the electi’ocardiogram at a 
chosen point in Lead I has been determined, the horizontal component, dXi 
of Amloeity may be found by multiplying 2.5 niA’’ per second by the measured 
electrocardiographic slope. Then, to find cos 0, three steps are taken: (1) 
or dcs is found by the use of the protractor and tables; (2) dy/dx, the slope 
of the VC in the corresponding segment is found by means of Equation 7, 8, or 
9; and (3) the cosine of the angle represented by dy/dx is found in tables. With 
dx and cos 6 ImoAvn, ds is found by substitution in the velocity equation (10)* 
The measurements and calculations readily can be made in a few minutes, but, 
after a little practice, rough results may be obtained by means of Ausual estimates 
of the rate of change of voltage in the first lead and of the slope of the selected 
segment of the VC. Wlien this method (Avith measurement and calculation) 
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was applied to the electrocardiogram and VC of Case 1 of Pig. 8 the rate of 
inscription of the excursion wms found to be 9.1 mv per second while the velocity 
calculated directly from the recorded VC was 8.1 mv per second. The rate 
of recursion, determined by the method of this paper, was 4.9 mv. per second, 
while calculated directly from the recorded VC the rate was 4.1 mv per second. 
The correspondence of these results is close enough to indicate that the method 
may be useful for some purposes. 



Pig:. 7. — Calculation of •he common center of cavity of QRS and T loops. The diagram 
represents a hypothetical case. The estimated center of gravity of QRS is at A, and that of 
T is at B. The assumed duration of -QRS is 0.10 second, that of T is 0.30 second, and tliat 
of QRS-T is 0.40 second. The center of gravity of QRS-T is at some point C on tlie line 
AB. To locate G the calculation is as follows: AG x 0.10 (second) = GB x 0.50 (second); 
AG = 5 GB; AG — S (AB — AG) = % AB ; AB measures 5.8 cm., therefore AG = 4.35 cm. G 
being the center of gravity the line 00 is the mean vector of QRS-T. Tlie length of 00 
is 2.3 centimeters. Since 1, cm. represents 100 /tv, the magnitude of the mean vector, or of the 
potential gradient, is 230 /tv, and the time-potential gradient (AVilson’s gradient) is 250 x O.-i 
second or 92 /tv per second. The direction of the gradient is 2G°. 


THE RELATION OF THE VENTRICULAR GRADIENT TO THE VECTORCARDIOGRAM 

Wilson and his co-workers^^’ derived the concept of the ventricular 
gradient directly from the electrocardiogram but it also is possible to define 
the gradient in its relation to the VC. A brief statement of this relation ivill be 
made here. Some may find the concept more readily grasped if it is stated 
graphically in VC terms. Moreover, the argument will sIioav that a rough ap- 
proximation to the gradient may be made by mere inspection of the VC, and 
it is possible that such an estimate, although crude, maj^ be of use in the practical 
application of gradient data in clinical medicine. 

The ventricular gradient, as Wilson described it, is a vector having the 
direction of the mean electrical axis of the QRS-T period and a magnitude equal 
to the product of the mean manifest potential by the duration of the QRS-T 
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period. It is evident then that the magnitude of the ventricular gradient is a 
quantity having the dimensions of both voltage and time. This product is equal 
to the manifest area of QES-T. It will he shown in the present discussion that 
it is possible to deteiTnine, directly from the VC, a vector having the direction 
of the mean electrical axis and a magnitude equal to the mean manifest potential 
unmodified by a time factor. This vector magnitude has only the dimension of 
voltage. It -svill be convenient for the purposes of this discussion to call the 
vector derived from the VC the potential gradient and to refer to the gradient 
calculated as described by WHson as the potential-time gradient. Obviously the 
latter may be derived from the former by multiplying by the time duration of 
the QRS-T. 

The following symbols ivith the stated meaning will be used in what foUoEs, 

Em, a vector having the magnitude of the manifest potential and the direction 
given by the Binthoven equation, e = Em cos a. The symbol sometimes 
may be interpreted as a magnitude without reference to direction. 

Em, the mean vector of the infinite series of vectors, each equal to Em through- 
out an interval (QRS, T, or QRS-T). 
t, the duration of a time interval. 

The possibility of deriving the potential gradient from the VC depends on 
the identity of the manifest potential, Em, of the electrocardiogram and the 
generating vector of the VC, and the consequent identity of the mean vector, 
E„, for both curves. Since this matter is not one to sauter aux yeux a brief ex- 
planation may be helpful. 

If it were technically possible to record the manifest potential differences 
(magnitude of Em) instead of merely the components thereof, the tracing pro- 
duced might appropriately be called the manifest QRS-T. The area under 
this curve would be the manifest area of QRS-T. The manifest QKS-T 
may be thought of as traced by the upper end of a vertical line, or ordinate, 
standing on the base line, representing by its length the varying magnitude 
of the manifest potential, Em, ond advancing at a constant rate by short equal 
steps, of length A t. The mean ordinate of this curve obviously is the mean value 

of the manifest potential, that is, Em- 

Turning now to the VC, we may picture it as traced by the terminus of a 
line which, like the ordinate of the manifest QRS-T, is equal in length to the 
manifest potential at every instant throughout the QRS-T period. But, unlile 
the vertical, evenly progressing, ordinate of the manifest QRS-T, the foot of the 
VC vector is fixed at the origin while the terminus sweeps through the fiel 
describing an arc to form a complete loop. 

Both the vector of the VC and the ordinate of the manifest QRS-T 
sent the same electrical quantity, the manifest potential. They are essentia j 
identical, except that the VC vector has direction as weU as magnitude, whereas 
the ordinate has magnitude only, the varying direction of the electric force o 
which it is an expression being implicit in the ratio of the component voltag®-'’ 
in two leads. 
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The analytical expression for the mean manifest potential is 



This equation serves equally well to express the mean magnitude both of the 
ordinate of the nianifest QRS-T and of the vector of the VC. The meaning of 
the equation, as it applies to the manifest QRS-T, may be clearer if it is pointed 
out that the integral, without division by time, is the magnitude of the area 
under the manifest QRS-T, that is the manifest area. If this manifest area is 
represented by an equivalent rectangle constructed on the base line under the 
manifest QRS-T it is evident that the height of the rectangle will be equal to 
the mean ordinate of the curve. The height of the rectangle is found b}'' divid- 
ing the area by the length of the base, that is by the time. It is for this reason 
that the integral (manifest area) in the above equation is divided by t to give 

the value of the mean ordinate Em- 

The application of the equation to the case of the VC is not quite so evident, 
since time is not shown explicitly in the VC. It therefore is desirable to replace 
dt by an element of arc, ds, provided the relation of ds to dt is Imown. This 
relation and the consequences of the substitution will be shown in what follows. 

It at first will be assumed that the velocity of inscription of the VC is 
constant. The assumption does not greatb^ exceed the possibility, for an electro- 
cardiogram in which the up and down strokes of QRS are approximately straight 
lines and form symmetrical peaks in both leads yields a QRS loop in which the 
velocity is nearly constant. If the velocity is constant then equal lengths of arc 
represent equal time intervals and the differential ds, representing an element 
of arc, may be substituted for dt, a corresponding change being made in the 
limits of integration and in the coefficient. When these substitutions are made 
Equation 11 becomes 



The co-ordinates of the terminus of the mean vector Em, are given by the 
equations 



These latter are the familiar equations for the centroid of a curve. Thus, the 
mean vector of a VC loop, if the latter is inscribed mth constant velocity, can 
be constructed by drawing a straight line from the origin to the centroid of the 
loop. 

The assumption of constant velocity now will be dropped and the infiuence 
of variable velocity examined. If a segment of the VC is slowly inscribed the 
vectors to that segment, spaced at 'equal time intervals, will be numerous and 
will “weight” the mean value of the vectors. Where the vectors are close set 
the amount of time in a unit length of the VC will be large. In the VC, time 
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may be considered as analogous to mass in the case of a thin wire formed in a 
loop, and it has the same effect on the center of gravity, i.e., slowness of inscrip, 
tion in one segment will cause a displacement of the center of gravity toward 
the segment. Carrying the analogy further and remembering that the density 
of a wire is the mass per unit length, we may coin the expression time demiUj 
for use with the VC, and define the term as the amount of time in a unit length 

of the VC. If p represents time density, p^^ovdt = pds. Evidently p is the 
reciprocal of the velocity. 

If, now, the differential, dt in Equation 11, is replaced by pds, we obtain 
the equation for tiie mean vector of a VC of variable velocity. 



Corresponding equations for the co-ordinates of the terminus of the mean 
vector readily may be widtten, and these uoU be also the equations for the 
co-ordinates of the center of gravity of the loop. It is apparent then that the 
terminus of the mean vector of a VC loop is at the center of gravity of the loop, 
whether the velocity of inscription is constant or variable. 

With these relations in mind, a rule now may be formulated for an approxi- 
mate method of locating the center of gravity of a VC loop and thereby de- 
termining the mean vector, or the potential gradient. By inspection locate and 
mark the center of gravity of the loop considered as if it were of uniform time 
density, allowing due weight for the large moment of portions of an irregular 
curve that project far out from the general region included by the curve, and 
for the lesser moment of re-entrant portions of the curve. Then roughly estimate 
the relative velocity in the several parts of the curve, using the velocity equation 
(Equation 10) mentally applied. Crosshatch the curve with close set lines to 
indicate slow inscription and with widely spaced lines in regions of high velocity. 
The cross hatching serves to indicate the estimated variations in the time density. 
Then choose a point removed from the geometrical centroid in a direction and 
for a distance which allows for the “weight” of regions of slow velocity and 
for the “lightness” of regions of high velocity. The center of gravity is shifted 
toward “heavy” regions, away from “lighter” regions. But it should be re- 
membered that the principle of the lever is involved in center of gravity 
dynamics ; consequently the influence of weight of segment varies with the dis- 
tance from the center of gravity. A more exact statement of the -dynamic 
principles involved is given in an appendix.* 


*Tlie reader readily may test his ability to make fair estimates of the cfflter of 


• rue reaaer reaauy may lesi nis aoimy lo matte zair esumaiea vi. T..p jn 

of VC loops In the following- way. Shape a piece of copper wire to fonn an lireE^iar 
one plane. Draw the outline of this loop on paper and mark a point which is yg the 


one plane- j-/iuw uie uuuine ui uiib iwu*/ cuiu — rnnvc iny 

be at the center of gravity. Now slip a thread, held taut, under the posi- 


thread until, when it is lifted slightly, the loop is found to be in balance. Mark 
tion of the thread and draw a line to show the position. online to 


thread crossing the loop at a considerable angle from its first direction. I>raw a ne 

- ■ ' position of the thread. The intersection of the two lines is ai ^ 
loop. This test, when made by a number of people, reve 


show this second balance 
center of gravity of the ^ _ . 

considerable innate capacity for making a good estimate. 
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Having located the center of gravity of both the QRS and the T loops, the 
center of gravity of the whole VC is to be found. Here, again, tune plays the 
role of mass. The duration, or mass, of QES and that of T maj* be considered 
as concentrated at the respective centers of gravity of the loops. The common 
center of gravity (Pig. 7) lies on a connecting line AJi at a point G that sub- 
divides AB according to the equality of moment arms principle, that is, so that 

Mussa x. AG — Mossb x GB 

For practical use this equation may be transfoimed to give AG in terms of 
quantities readily measured on the electrocardiogram and VC. Thus we have 

. ^ T interval . ^ 

QRS-T interval ^ 

A line drawn from the center of the field to the point G is the mean vector of 
the whole ventricular comj)lex, or the potential gradient. It may be measured 
by means of a scale to give the magnitude of the gradient and, by means of a 
protractor, for the direction. 

Those wdio have taken the pains needed to make accurate determinations of 
ventricular gradients by Wilson’s method of area measurements on the electro- 
cardiogram may be skeptical of the reliability of gradient estimates based on 
intuitive judgments of tliis sort but, on trial, results were obtained which suggest 
that the method may be useful for some purposes. These results are illustrated 
in Pig. 8 and tabulated in Table I. 


Table I. The Potential-Time Gradient Determined From Estimate of the Centroid op 
The QES Loop of the Constructed VC and Comp.i\jied With the Same Function 
Determined by Wilson's Method op Area Measurements 


CASE 

FROM ESTIJIATE OK CENTROID 

OP QRS LOOP OP VC 

PROM AREA MEASUREMENTS OP 

QRS IN ELECTROC.VRDIOGRAM 

MAGNITUDE 

IN (I4V/SEC. 

ANGLE 

MAGNITUDE 

IN fiV/SrC. 

ANGLE 

1 

84 

- 41° 

84 

- 36° 

2 

174 

- 56° 

186 

- 64° 

3 

164 

- 44° 

340 

- 52° 

4 

25 

- 42° 

42 

- 33° 

5 

92 

-172° 

83 

-147° 

6 

70 

- 83° 

68 

- 83° 


For graphic representation of these quantities see Fig. 8. 


' The electrocardiograms and the recorded VC’s are reproduced from records 
of six eases published by Wilson and Jolmston,^ who kindly furnished me wnth 
photographic copies of the records. The constructed VC’s were drawn from 
the electrocardiograms vdthout the recorded VC’s being in view or in mind. 
Drawn several years ago at the beginning of these studies they represent the 
approximations to the true VC -which may be made by a novice. The gradient 
determinations were made recently and -without any pre-dous experience in 
estimating this function. In this test only the QRS period was dealt with; 
presumably the results would have been about as good if the whole QRS-T period 
bad been covered. 

The units in which the mag-nitude of the voltage gradient is expressed may 
be chosen at will, but the microvolt, used by Wilson, is well suited for the 
measurement of the mean vector as derived from the VC. The field described 




FIk. 8. — Upper half. (For logctid soQ opposite page. 
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early in this paper is so constructed that 1 cm. along any radius represents 01 
mv or 100 /xv potential difference in that direction. If it is desired to transform 
the magnitude of the potential gradient to a quantity identical with the potential- 
time gradient of Wilson it is necessary only to multiply the magnitude of the 
potential gradient by tlic duration of the QRS-T interval expressed as a fraction 
of a second. 

CONCLUSIONS 

The vectorcardiogram is of value, first of all, because it exhibits the be- 
havior of the heart’s electric vector simiily and realistically. Wilson and 
Johnston^ in their paper on the recorded vectorcardiogram, observed that, for 
teaching purposes, “It makes it possible to visualize the electromotive force of 
the heart as a single natural entity imobscured by the artificialities and com- 
plexities introduced by splitting it into a system of components in the arbitrary 
frame of reference defined by the standai'd leads.” But if the unitary^ and 
simple character of the VC aids the beginner to grasp more clearly the course of 
electrical events in the heart it is not, perhaps, extravagant to say that all wlio 
attempt inteipretation of the electrocardiogram likewise would derive from the 
VC clearer views of the electrical events and thus might more surely arrive at 
true meanings. Electrocardiography has become cluttered by a mass of detail, 
a consequence of dealing with a threefold complex of components instead of the 
single entity exiiressed bj'- tlie components. The remedy for tliis particularism 
is the recognition of elementary characteristics of vector behavior and a diligent 
study of coiTelations beriveen these prime features and known cardiac processes 
and states. The grammar of the electrocardiogram cannot yet be written, but 
to illustrate the thought expressed here several basic characteristics of the VC 
may be mentioned — ^the magnitude and the direction of the major axes of the 
two VC loops, t]ie angle of divergence of the two loops, the direction of rotation, 
the ratio of the major and minor axes of the loops, and the direction and amount 
"of displacement of J. In addition there should be mentioned the ventricular 
gradient, the early studies of which already give promise of utility. If electro- 
cardiography is to progress and if it is to be intelligible to those whose varied 
interests preclude specialization, then it seems to be imperative that the three- 
fold Einthoven record be integrated to make possible' clear concepts and simple 
descriptions. 

In a later paper I hope to report on a study now in progress on the basis 
of which a number of electrocardiogi’aphic patterns will be discussed in the light 
of the VO representation. However, one of the observations already made ma) 
be stated here to illustrate Iioav the VC possibly may extend the range of in- 
formation derived from the electrocardiogram. On examining the sense o 
rotation of the QES loop in the records of about fifty presumably normal in- 
dividuals a positive (cloclrwise) rotation was found in all but two or three. 
Moreover the rotation of T also was found to be positive. On the other hand, m 
a group of cases with left axis deviation, but without other evidence of nbnor 
mality, the rotation of the QES loop was negative. In these the rotation of 
also was negative. But in still another group showing left axis deviation, to 
gether vdth well-marked clinical evidence of myocardial disease, the rotation o 
the QES loop was positive, while that of T was negative. These observations am 
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not yet extensive enough, nor made in sufficient detail, to warrant a firm con- 
clusion, but it seems likely that, when the heart is normal and in the average 
normal position in the chest, the rotation of the QRS loop always is positive, 
with positive rotation of T ; that, as left axis deviation develops, the inclination 
of the plane of the spatial vector motion changes so that, in the frontal plane, 
the rotation of QRS appears negative ; but that, if the myocardium then becomes 
seriously diseased, the rotation of the leftwardly deviated QRS loop is revemed, 
becoming p)Ositive again, while the rotation of T remains negative and opposed 
to that of QRS. If further studies confirm this apparent influence of myo- 
cardial disease on the sense of rotation of tlie loops and on the concordance of 
rotation in the two loops, then the VC representation can be said to have revealed 
a sign of disease which is implicit, but not apparent, in tlie electrocardiogram. 

In Aristotelian metaph^^sics it was taught that the result of a synthesis 
is a new entity, not merely the sum of the parts. The truth of this aphorism 
is exemplified in many fields of science. Appositely, the VC may be viewed as 
an entity having a capacit}^ for usefulness beyond that of tlie electrocardiogram 
from which it is derived. The technique of VC construction described in this 
paper provides a means bj'' which the worker in electrocardiography readily maj’- 
explore this possibility without the need of apparatus of any sort. 

APPENDIX 

The Center of Gravity of a Loop of Varied Velocity. — As stated earlier in this paper, it 
is possible to make a fair estimate of the approximate position of the center of gravity of the 
VC by mere inspection of the curve. But a judgment of this sort is more likely to be good if 
there is understanding of the djmamic principles involved. The following analysis of a 
simplified, but pertinent, center of gravity problem should be helpful to such an understand- 
ing. But the method used, although exact in principle, scarcely can be applied exactly to an 
actual VC. The problem and its solution are presented merely as an aid to intuitive judgment. 

The half cardioid ODEF (Big. 9) and the half loop of a "four leaf rose” FGO are 
joined to represent an asymmetrical QES loop. Bor measurements, the intercept on the 

X axis is taken as unity. The centroid of ODEF is at .4 (^ — V — O.d), that of FGO 
is at B (x = 0.518, y = -0.175). The ratio of the length of ODEF to that of FGO is 2:1.25. 
Assuming that a line has density and that the loop is of uniform density the masses of tlie 
two curves are respectively proportional to their lengths. Indicating the mass of the cardioid 
portion of the loop by Me and that of the rose portion by Mr we have 

Mr 1.25 

Me ~ 2.00 

Bor the purpose of dynamic analysis the whole mass of a line may be considered as con- 
centrated at its centroid. Hence the center of gravity C of the loop is identical with the center 
of gravity of the two masses concentrated at A and at B, respectively. The location of C 
is to be found by employing the principle of equality of moment arms. Thus 

AG Mr 1.25 
Me X AG — Mr X CB or — g.OO 

If the velocity in one segment of the loop is varied the center of gravity will be dis- 
placed, provided the concept of "time density"’ (time per unit of length) is substituted for 
the usual concept of density (mass per unit of length). The time density is the reciprocal of 
the velocity and will be represented by p. If the time density in a segment is increased, the 
center of gravity will be displaced toward this segment; a decrease in the time density will 
cause a displacement in the opposite direction. 
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To define tMs elTect more exactly the loop now will be supposed to have uniform velocity 
except in the segment to the left of the y axis, where a different, but uniform, velocity obtains, 
P is the center of gravity of this segment, with co-ordinates, Ic = -0.8S, y = QMS. It is de- 
sired to calculate the displacement of the center of gravity from the point G caused by the 
variation of time density in the segment. If the time density in the varied segment is n times 
the unit density prevailing in the rest of the loop the variation of time density will be up - p 



Fig’. 9. — Conventionalized QRS loop formed by joining the half cardioid ODEF (Qr — 

6 1), to half of one leaf of a "four leaf rose" FGO (r = Cos 2 0). The intercept on the « ax 

is taken as unity. Length of half cardioid = 2 ; length of half rose leaf = 1.25 : length oi seg- 
ment to left of y axis = 0.686 ; A is at centroid of half cardioid (a; = 0.4, y = 0.4) 
centroid of half rose leaf (or = 0.518, y = -0.175) ; (7 is at centroid of combined curw 
(x = 0.446, y = 0.179) ; P is at centroid of segment to left of y axis (m — ’ "iC 

0.242) ; Q indicates variable location of center of gravity of the whole loop dependent 
"time density” of the segment to left of the y axis; numerals indicate the ip" 

tions of the center of gravity of the whole loop, with the time density varying from 1 to 


or (n - l)p. The variation of mass of the segment is given by the product of the time densit) 
by the length (1) of the segment, that is, it is (n — l)pl. If tliis amount of mass is considere 
to be concentrated at P, the centroid of the segment, while the mass of the whole loop o^ 
uniform density is concentrated at G, then the new center of gravity Q may be found 
application of the principle of equality of moment arms. If the mass of the whole loop o 
uniform time density is expressed by pL (where Tj is the whole length of the loop) tbeu 
may Tn-ite the equation 

CQ X pL = QPx (n- l)pl 


GQ _ (n - l)pl 
QP — pL 


t 
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If the length I of the segment is expressed as a fraction of the total length, L, of tlie loop, the 
last equation may he written 


CQ (n - 1)1 

CP ~ (n - + I 

The idea expressed hy this last equation may be shown in another and simpler form if the 
symbol ^M, is used for the variation of mass of the segment. Thus percentage displacement 

of Q toward P = /tyi 

If the velocity of inscription in the varied segment is greater than in the rest of the 
loop n is negative and the displacement of the center of gravity is to be measured on the ex- 
tension of PC away from the segment. 

Petuming to the diagram of Pig. 8 we may, by way of illustration, calculate the dis- 
placement of the center of gravity on the assumption that the velocity of inscription of the 
segment is one-fourth as great as in the rest of the loop. In this case the time density is 
fourfold and n = d. The variation of density, n — 1, is 3. The length of the whole loop is 
3.25, while that of the segment is 0.59, making the relative length of the segment 0.18. Thus 
the variation of mass, (n - 1)1, is 0.54. Then by Equation 14 we have 

CQ OM 
CP — IM — 

We conclude that the fourfold slowing of inscription of the segment causes displacement of 
the center of gravity from its position at C to a point, Q, about one-third of the distance 
toward P. 

In the diagram the points along the line, CP, represent the several positions of the center 
of gravity when the time density of the segment has the several values shown by the adjacent 
numerals. 
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DIPFEEENCES IN BLOOD PRESSUEE VALUES DETERMINED BY 
INFLATING AND DEFLATING THE CUPP OP THE- 
SPHYGMOjVIANOS'IETER 

Captain Robert S. Cunningham, BI.C. 

Army of the United States 

I P ONE listens carefully for arterial tones, a different set of blood pressure 
readings ivill be found while the sphygmomanometer cuff is being inflated 
than will be found when the cuff is being deflated. Both maneuvers were em- 
ployed in 200 out of 3,000 recent examinations, and the findings were recorded. 
The majority of the patients examined were white men of average height and 
weight between the ages of 20 and 50 years. They were chiefly ex-military 
personnel who were referred for routine examinations. 

The procedure consisted of a period of thirty to sixty minutes’ rest during 
which the history was taken. The patient was stripped for measurement of the 
height and weight and for inspection for scars and defects. He remained 
seated for examination of the eyes, ears, nose, and throat. He moved eight 
feet to another stool for determination of the temperature, the pulse rate, 
respiratory rate, and the blood pressure, and for examination of the heart and 
lungs. Thus, a sufficient period of rest following light activity was routine. 

In making measurements of the blood pressure care was obsenmd in plac- 
ing the sphygmomanometer cuff on the left arm smoothly and in such a way 
that pressure would not force the lower edge of the cuff against the stethoscope, 
so that noise would not be produced. The cuff was inflated slowly until the 
first sound (diastolic reading) was audible. It was then inflated more rapidly, 
but smoothly, until the sounds disappeared (systolic reading). After raising the 
mercury column 30 to 40 mm. higher, the pressure w'as then determined in the 
usual manner with the mercury’- falling. Thus, the first sound to appear when 
the cuff was inflated corresponded to the last sound when it was deflated, and 
the last sound during inflation corresponded to the first sound on deflation. 

In the second phase of inflation the mercury column was raised at a rate 
of 4 to 6 mm. per heartbeat. This permitted an error of 5 mm. in the readings. 
This may be considered as an objection to the test, but this error, as shown m 
Table I, is no more than a -f 6 mm. in the difference column and does not 
explain the minus differences that are foiuad in those cases showing a lower 
systolic pressure by the standard method ; nor does it explain the plus differences 
of 20 mm. or more. This error is unavoidable as some possible reflex mechanism 
is given time to exert its balancing influence if the rate of inflation is too slow- 
Thus, a bradycardia extends the error to the point of nullifying the test, ho 
such error, however, occurs in the diastolic readings. Wliile experimenting wit 

Published with the permission of the Medical Director, Veterans -A-Oministranon, 
assumed no responsibility for the opinions expressed or conclusions drawn by the auuiui. 
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Table L 


TYPE 

asvo 

PATIEKT 

DIAGNOSIS 

1 A 

1 B 

DIFFERENCE 

1 

3 

PLS 

Hypertension 


■EHI 

446 




j 

118 


-8 

2 

18 

JS 

Arteriosclerosis 

118 


+10 





74 

82 i 

+8 

8 

8 

JBB 

Hypertension 

210 


+ia 





130 


0 

4 

176 

HA 

Trauma 

120 


0 





80 

82 

+2 

5 

44 

FJS 

Valvular heart 

110 

110 

0 




disease 

“86 

84 

-2 

6 

37 

GHH 

Pericarditis 

118 

118 

0 





74 

74 

0 

7 

106 

SM 

Muscular atrophy 

154 


-4 





92 

92 

0 

8 

41 

NON 

Valvular heart 

106 

94 

-12 




disease 

76 

64 

-12 

9 , 

79 

PHW 


100 

94 

‘ -6 




Neurasthenia | 

66 


+4 


A = Reading’s taken during Inflation of the sphygmomanometer cuff. 
B = Readings taken during deflation of the sphygmomanometer cuff. 


this test in some cases of hypertension it was observed that the systolic peak 
seemed to follow the enff pressure. That is, the sounds might disappear at a 
certain level during inflation of the cuff, only to return if the inflation were 
stopped at that level; the sounds might disappear on further inflation and re- 
appear at a higher level until a maximum point was reached bejPnd which 
there was no further rise. 

In the standard method the disappearance of sound was recorded as the 
diastolic reading. An interesting observation was the fact that, in most cases, 
the cuff pressure could be left for thirty seconds or more immediately below the 
first diastolic reading and no sound could be heard even though the diastolic 
level by the standard method was below the first reading. For example, as 
the mercury was rising the first sound came in at 82 mm. and as it was falling 
the last sound was heard at 78 mm., but a repetition of the procedure and main- 
tenance of the cuff pressure at 80 mm. for about ten seconds did not elicit a 
sound. It was noted that when there was a difference between the change of 
sound and the disappearance of sound during deflation, the diastolic reading 
during inflation more nearly corresponded to the change of sound. Prom this 
it is believed that the change of sound marlis the true diastolic pressure and 
the sound produced with less cuff pressure is caused by vascular dilatation. 
This may be a ^compensation for an increased sj^tolic pressure caused by a reflex 
stimulation arising from the pressure on the arteries in, the arm during the 
sphygmomanometry. That such a reaction occurs is denied by Hamilton and 
his co-workers^ who measured the intra-arterial pressure with a needle in the 
artery and compared it with sphygmomanometer measurements taken simultane- 
ously in the other arm. He reported that the t^vo methods gave reasonably 
identical results. ■ It is possible, however, that a needle in an artery establishes 
the same sort of sensory stimulus as pressure on the artery by a sphygmoma- 
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nometer cuff. Kotte and liis associates^ wTote, “The only pain which the sub- 
jects noted was felt as a brief twinge at the moment of arterial puncture.” 
At least the intra-arterial method is not stimulus-free and it is possible that 
every known method of measuring blood pressure affects the tension by its mere 
application. 

In this series of approximately 3,0b0 patients only 200 were suitable for 
study for the same reasons given by numerous investigators®'® as sources of error 
in sphygmomanometry, namely : excessive obesity or emaciation, weak Korotkoiv 
sounds, high noise level of the room, noisy inflating mechanism, and involuntarj- 
tremors of the subject. Some subjects Avere rejected because the procedure of 
examination deviated from the routine, time Avas at a premium, or the pulse 
Avas too sloAV. 

In this series nine tjTies of response to the pressure of tlie sphygmomanometer 
cuff were noted consisting of no change, a rise, or a fall in the systolic and/or 
diastolic pressures. An example of each type is shoAAm in Table I. Of the 
first .type (in which the systolic pressure Avas higher and the diastolic lower 
by the deflation than by the inflation method) there Avere 109 cases (54.5 
per cent) •, of the second type, 53 (26.5 per cent) ; the third, 12 (6 per cent); 
the fourth, one (0.5 per cent) ; the fifth, tAvo (1 per cent) ; the sixth, three (1.5 
per cent) ; the seventh, one (0.5 per cent) ; the eighth, 15 (7.5 per cent) ; and 
the ninth, four (2 per cent). In the first group the greatest differences Avere 
noted, chiefly from cases of hypertension. All of the hypertensive conditions 
fell in Groups 1, 2, dr 3. 


SUMMARY AND CONCLUSIONS 

A method of measuring the blood pressure for comparison Avith the standard 
procedure is described. Compression by the sphygmomanometer cuff appears 
to produce a change in the blood pressure so that the systolic reading usually 
is higher and the diastolic lower after the cuff is inflated. It is suggested that 
this apparent response is the result of a stimulus from the vascular autonomic 
system reflexly affecting the cardiac and Amscular tone and that the type and 
degree of response depends upon AAdiich fibers are hyperirritable at the time. 
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Clinical Reports 


METASTATIC CARCINOMA AS A CAUSE OP 
CONSTRICTIVE PERICARDITIS 

Report of a Case 

!Major Joseph J. Wallace, M.C., and Major Robert Bruce Logue, M.C. 

Army op the United States 

R eports of metastatic tumors of the pericardium producing chronic cardiac 
compression with secondary right-sided heart failure are quite rare. Tlie 
following case of primary bronchogenic carcinoma with metastasis to the peri- 
cardium is an example of such a case. 

CASE REPORT 

A Negro man, 41 years of age, was admitted to an Army general hospital on Aug. 24, 
1943. The past personal and family history were not significant. In May, 1943, the pa- 
tient gradually developed shortness of breath on exertion, moderate pain in the substernal 
region and near the right shoulder blade, occasional productive cough with expectoration 
of clear mucoid sputum, night sweats, and anorexia, and lost 30 pounds in weight. Because 
of the persistence of these symptoms, the patient reported to tlie dispensary and was ad- 
mitted to the station hospital. Examination at that time revealed enlarged Ijunph glands 
in the cervical and supraclavicular regions, impaired resonance over the right upper an- 
terior chest and mediastinum and moist rales throughout the chest. There was x-ray evi- 
dence of enlargement of the superior mediastinum and biopsy of a cervical lymph node was 
reported to show hyperplastic lymphadenitis. He was transferred to an Army general 
hospital. 

Examination at the time of admission revealed a chronically ill, emaciated patient 
with evidence of enlargement of the superior mediastinum and moderate clubbing of the 
fingers and toes. During the first part of his hospital stay, his course was essentially un- 
eventful, except for a troublesome “brassj'’” cough and an occasional slight hemoptysis. 
A biopsy of a right axillary node was reported as reactive lymphadenitis, but, upon re- 
view by another source, was thought to represent an early stage of Boeck’s sarcoid. 

Repeated urinalyses were essentially normal, and several blood counts revealed a mild 
secondary anemia with a leucocyte count ranging from G,000 to 11,000, with a normal 
differential. The sedimentation rate was persistently elevated to 60 mm. in one hour. 
.Seven sputum examinations were negative for tubercle bacilli. The Hahn reaction on the 
blood and spinal fluid was negative. The total protein of the blood serum was 5.9 Gm. 
per 100 C.C., with an albumin-globulin ratio of 1:1.3. Values for serum calcium, phosphorus, 
and phosphatase were normal. A biopsy of the bone marrow revealed atrophic marrow. 

An x-ray' of the chest in August, 1943, revealed a tumor mass involving the superior 
mediastinum with enlargement of adjacent lymph nodes. The cardiac silhouette was nor- 

Received for publication March 2G, 1945. 


223 


224 


AMERICAN HEART JOURNAL 



B’iff. 1. — Film taken July 11, 1943, showing' enlargement of the superior mediastinum and 

right hilar region. 
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mal in size and shape. X-ray examination of the long hones and hands revealed h 3 'per- 
trophic pulmonary osteoarthropathy. 

About five months after onset, in October, 1943, the patient developed a sharp pre- 
cordial pain aggravated by movement and inspiration, A loud, to-and-f ro, leathery friction 
rub was heard over the precordium. Serial electrocardiograms showed evidence of acute 
pericarditis, and, in addition, persistent low amplitude of tlie QES complexes in all leads, sug- 
gesting tamponade or chronic pericarditis. The area of cardiac dullness increased markedly to 
the right and left. The apex impulse was palpated diffusely in the fifth intercostal space. 
The heart sounds were well heard and the first sound at the mitral area was accentuated. 


•f- 



Pig-. 3. — piims of hands showing hynertrophic pulmonary osteoarthropathy involving the 

shafts of the metacarpal bones. 


The pulmonic second sound was not reinai'kablc. The blood pressure measured 110/70. The 
neck veins were strutted in the recumbent position but were not distended in the upright 
position. The venous pressure was 150 mm. of saline. Fluoroscopy revealed marked en- 
largement of the cardiac silhouette, both to the right and to the. left, diminished pulsa- 
tions in the region of the left ventricle, and an irregularity along the left cardiac border 
suggesting a nodule in the pericardium. About one month after the onset of the peri- 
carditis, there graduallj' developed a marked pitting edema of both legs, extending as high 
as the knees. The liver was palpable 3 fingerbreadths beneath the costal margin. The 
patient, during this period, had occasional episodes of dj’spnea for which oxygen vras given 
with reliefj but during the greater portion of the time, he was able to lie flat in bed with- 
out difficulty. At one time, a small pleural effusion developed on the right side. It was 
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believed that the clinical features were those of right-sided heart failure These arant 
gradually subsided and the further course was uneventful until Jan. 15 1944 Le ? 
experienced increasing dyspnea. By physical examination and by x-ray films' taken 
both inspiration and expiration, it was determined that he had an acute ernphvsemn 
volving the entire right lung, due to a ball valve mechanism in the right main stem hrot 
chus. His condition grew steadily more serious, and he expired on Peb. 23, 1944. 

^ Necropsy examination revealed an extensive bronchogenic carcinoma, primary in tho 
right mam stem bronchus, with obstructive emphysema of the right lung. The pericardium 
presented an extraordinary appearance. The visceral and parietal pericardium was edema 
tous and adherent. There was extensive infiltration of the pericardium by firm, Modular, 






Fig. 5. — ^Film taken Kov. 2, 1944, showing marked enlargement of cardiac silhouette 
to the left and enlargement of the superior mediastinum. Note enlarged glands in right 
hilar region. 



Fig. 6. — ^Film taken Jan. 21, 1944, showing emphysema of right lung with widening 
of Intercostal spaces and shifting of mediastinum to the left Note the irregular cardia* 
shadow and superior mediastinal mass. 
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COMMENT 

Id "view of the history and findings at the time of admission, bronchogenic 
carcinoma was thought to be present. Later, the diagnosis of sarcoid, as a 
result of a biopsy of an axillary gland, led to some confusion and it was 
thought that the clinical picture could be explained on this basis. The occur- 
1 rence of acute pericarditis during the course of the illness was compatible with 
either disease entity. At the time of the occurrence of congestive heart failure, 

I the clinical picture was that of right-sided heart failure. Tins was thought 
I to be due to cardiac compression or to chronic cor pulmonale, secondary to 
pulmonary infiltration or extrinsic pressure on the pulmonary artery. Follow- 
ing fluoroscopy, it was thought that the most likely exifianation' was chronic 
. compression of the heart by tumor tissue. The electrocardiographic changes 
were of interest, demonstrating the S-T segment changes of acute pericarditis 
as well as low amplitude of all QRS complexes, such as is seen in chronic peri- 
carditis or in the presence of an effusion. The T waves subsequently became 
I invei’ted in all leads, and these changes persisted. At no time was an arry- 
■ thmia, such as auricular fibrillation, noted. This was noted in 38 per cent of 
Harrison and White’s series.^ 

^ Reports of metastatic tumors of the pericardium are not uncommon ; how- 

'■ ever, obliteration of the pericardial cavity by such a process is rare. The pro- 
duction of the syndrome of constrictive pericarditis is even more rare. Scott 
and Garvin^ reported involvement of the pericardium by metastases in 61 of 
1,082 cases of malignancy in 11,100 consecutive autopsies. The heart was in- 
volved in 79 instances, the heart and parietal pericardium together in 22, and 
the heart or parietal pericardium, or both, in 118. The bronchus and breast 
were the most common sites of primary tiunor. In only one instance was the 
pericardial cavity obliterated. Seven eases showed myocardial insufficiency 
and none were reported to be due to cardiac compression. Yater® reported 
11 eases of neoplasm involving the pericardium and in no case was the peri- 
cardial cavity obliterated. Henninger^ reported four cases of metastasis to 
' the pericardium, but none exhibited congestive cardiac failure. The parietal 
pericardium in Case 2 -of his series was closely adherent to the epicardium. 

1 Langford and Thomas® reported a case in which the pericardial cavity was 
1 obliterated by metastases from a hypernephroma, but cardiac failure was not 
present. Leaman® reported a case of bronchogenic carcinoma with metastases 
to the heart, with obliteration of the pericardium, which completely encased 
the heart and produced cardiac failure. Beck* reported two cases of chronic 
l| cardiac compression from invasion of the parietal pericardium and mediasti- 
I num by sarcoma. The pericardium was thickened, but not adherent to the 
I heart. Thus, it is seen that neoplastic involvement of the pericardium may 
I be a rare cause of constrictive pericarditis. 

SUMMARY 

The syndrome of constrictive pericarditis may be produced by neoplastic 
involvement of the pericardium. Such a process should be suspected when the 
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symptoms of predominant right-sided heart failure appear during the course 
of a malignancy, in the absence of other usual causes of such failure. A case 
of bronchogenic carcinoma with metastasis to the pericardium demonstrating 
this condition is reported. 
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THE CUEE OP SUBACUTE BACTERIAL ENDARTERITIS BY 
SURGICAL LIGATION IN A PATIENT "WITH PATENT 
DUCTUS ARTERIOSUS GO]\'IPLICATED BY THE 
PRESENCE OP irCJLTIPLE CONGENITAL 
CARDIAC DEFECTS 

Report of a Case 

Robert P, Ziegler, ]\I.D, 

Detroit, Mich. 

I T IS generally agreed that the absence of typical murmurs constitutes a 
contraindication to surgical intervention in eases of suspected patent ductus 
arteriosus. However, since typical murmurs are absent in neai'ly a tliird of 
the eases, and the incidence of subacute bacterial endarteritis ranges as high 
as 50 per cent in reported series, there must consequently be a considerable 
number of cases in which the decision for or against surgical treatment is 
difficult. A decision in favor of surgery may be made in such cases under two 
conditions. The first of these is that the infectious agent is resistant to sulfon- 
amide or penicillin therapy. The second is that no other congenital defect is 
present which requires the open ductus as a compensatory mechanism. 

It would seem reasonable to assume that the presence of multiple con- 
genital defects would be a rather frequent cause for the occurrence of unusual 
physical signs, or the absence of typical findings, in cases of patent ductus 
arteriosus. In such instances excellent judgment is required in selecting a 
patient suitable for surgical treatment. A ease is herewith reported in which 
an infected patent ductus occurred with atypical murmurs, in association with 
multiple congenital cardiac defects, in which the infectious agent was resistant 
to penicillin, and in which cure was accomplished by surgical ligation of the 
patent ductus arteriosus. 

CASE REPORT 

■ The patient, a 17-year-old -white girl, -was admitted to Henry Ford Hospital on 
April 14, 1944, -ndth a chief complaint of persistent fever and "heart trouble." The pres- 
ent ' illness began approximately four months previously, at -which time the patient 
e.xperienced an influenza-like illness, the duration of -which -was three -weeks. This was 
followed by recurrent bouts of fever, on occasion as high as 102° P. She had had fleeting 
abdominal pain, but no chest pain, night sweats, weiglit loss, or e-ddence of embolic phe- 
nomena in either sj'stemie or pulmonary circulation. The past history was negative except 
for the presence of a heart murmur, kno-u-m of since the age of six months, and episodes 
of paroxysmal tachycardia. The growth had been normal; exercise tolerance was average; 
and there was no history of rheumatic fever. 

Prom the Cardio Respiratory Division, Henry Ford Hospital, Detroit, Mich. 
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On physical examination the patient appeared to be a ■well-developedj ■well-nourished 
white girl of the stated age^ who did not appear acutely ill. The head and neck were 
entirely normal. The mucous membranes were of good color. No petechiae were visible. 
There was no abnormal lymphadenopathy. On examination of the chest, the lung fields 
were resonant to percussion, the breath sounds were normal throughout, and no rales were 
heard. The heart was slightly enlarged to the left, the left border of cardiac dullness 
measuring 11 cm. from the midsternal line in the fifth intercostal space. There was no 
widening of the upper mediastinum. A systolic thrill was palpable over the base of the 
heart. On auscultation there was a loud, rough systolic murmur heard over the entire 
precordium, loudest at the second and third intercostal spaces at the left sternal border. 
This murmur was transmitted widely, and could be heard over the entire chest both an- 
teriorly and posteriorly. The pulmonic second sound was accentuated, and there was a 
short diastolic blowing murmur heard at the third intercostal space at the left sternal 
border. The cardiac rhythm was regular. The blood pressure at rest was 120/60; imme- 
diately after exercise it was 120/40 to 10. Examination of the abdomen was essentially 
negative. The liver and spleen were not palpable. No abdominal masses or tenderness 
were noted. The extremities were normal. Pelvic examination was not done. 



^ Fig. 3. — ^Electrocardiogram taken May 24, 1944. Standard extremity leads. Unipolar extremity 

Leads Vk, Vi,, and Vr. Precordial Leads Vi-c. 


" The initial laboratory examinations included the following: Kline exclusion test, 

\ negative; hemoglobin, 13.1 Gm. per cent; erythrocytes, 4,370,000; leucocytes, 9,100 per 
'j cubic millimeter, with 65 per cent polymorphonuclear leucocytes and 35 per cent small 
lymphocytes; blood sedimentation rate, 38 mm. per hour; hematocrit, 43 per cent; urine 
* ! specific gravity, 1.028, alkaline reaction, negative for albumin, sugar, casts, and red blood 
cells; blood nonprotein nitrogen, 28.1 mg. per cent; blood sugar, 78 mg. per cent; routine 
/ stool examination, negative. Two successive blood cultures were positive for hemolytic 
Staphylococmis 

Fluoroscopy of the chest revealed slight cardiac enlargement involving both ven- 
I tricles, chiefly the left. There was increased amplitude of pulsation of the left ventricle, 
, j aorta, and pulmonary conus. The latter was not unusually prominent. There was partial 
obliteration of the aortic 'window. The transverse diameter of the heart measured 11.5 cm., 
; • and the internal transverse diameter of the chest measured 21.9 centimeters. The pre- 
• dieted transverse diameter of the heart (Hodges and Eyster) was 10.49 centimeters.^ The 
electrocardiogram showed left axis deviation (K-i S 3 — 2.8 mv.), vdth normal ventricular 
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Fig-. 4. — Electrocardiogram, taken Jan. 28, 1945, during paroxysm of auricular tachycaraia- 
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complexes. P-R interval and QRS interval "were normal. The form of the P waves varied 
considerably, on one occasion being inverted in standard Leads I and II (Fig. 2), on an- 
other occasion , being normally upright (Pig. 3), and finally disappearing during a paroxysm 
of auricular tachycardia (Fig. 4). Phonocardiography proved the presence of the short 
diastolic murmur (Pig. 5). The initial venous pressure measured 9 cm. (saline) with no 
rise on right upper quadrant compression. The arm-to-tongue circulation time (decholin) 
measured 13 seconds; the arm-to-lung circulation time (ether) measured 8 seconds. 
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On the basis of the above findings the diagnosis of subacute bacterial endarteritis 
Tvith patent ductus arteriosus was made. The presence of a concomitant congenital car- 
diac defect was considered likely. 

Although the patient did not appear toxic or acutely ill, her temperature ranged 
daily between normal and 103.8° F. until the institution of penicillin therapy. The latter 
was begun on the twelfth hospital day and continued for twelve days prior to surgerv. 
During the first twenty-four hours 200,000 units were given by continuous intravenous drip, 
subsequent dosage being 12,500 units intramuscularly every three hours, day and night.’ 
Although the patient remained afebrile during this period, blood cultures after ten days 
of penicillin administration were still positive for hemolytic Staphylococents albns. 



Fig. G. — Artist's conception of operative field at time of surgical ligation. Anomalous left 
vena cava has been retracted from site of ligated ductus arteriosus. 

On May 8, 1944, the patient was operated upon by Dr. Conrad E. Lam. The patent 
ductus was doubly ligated with heavy silk, after which a cellophane band was placed 
snugly around it. Considerable operative diflSculty was encountered due to the presence 
of a large anomalous vein immediately overlying the aorta and the region of the ductns 
(Fig. 6). This appeared to be a left-sided vena cava. A palpable thrill, previously present 
over the ductus, disappeared immediately after ligation. Before operation the blood pres- 
sure measured 140/40; immediately after ligation it became 120/70. The surgical proce- 
dure was tolerated very well by the patient, and an uncomplicated recovery followed. 
Penicillin was administered for three days postoperatively and then discontinued. 
patient remained afebrile and asymptomatic, and blood cultures have remained negative, 
the last one being taken on Feb. 5, 1945. 

The physical findings on postoperative examination of the chest are of particular 
interest. The heart sixe did not decrease appreciably. There was still a veiy' 
widely distributed systolic murmur, but the maximum intensity over the lower right sternal 
border was louder and a systolic thrill was palpable at this point. 

The pulmonic second sound was present but not accentuated, and the diastolic mur- 
mur, demonstrated preoperatively, was absent. The electrocardiogram was not essentiallj 

‘The penicillin used In this case was obtained through Dr. Roy D. 3IoClure fro'n Dr. 
Chester S. Keefer, Chairman of the Committee on Chemo-Therapeutic and Other Agt-n 
Division of Medical Sciences, National Research CounciU 
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different from that recorded prior to surgery. On fluoroscopic examination the cardiac 
silhouette had not changed appreciably', though the amplitude of pulsation seemed less 
marked. The venous pressure and circulation time determinations remained normal. A 
diagnosis was made of a patent interventricular septal defect. 

The patient has remained well with the exception of occasional episodes of auricu- 
lar paroxysmal tachycardia, now much less frequent than before surgery; and a ruptured 
ovarian cyst which required surgical excision Jan. 28, 1945. Her present physical condition 
is excellent; she has a perfectly' normal exercise tolerance. 

STOIMiVRY 

A case of subacute bacterial endarteritis with patent ductus arteriosus, 
patent interventricular septal defect, and anomalous left vena cava, in which 
cure was' effected by surgical ligation of the patent ductus, is reiiorted. 

Surgical treatment, when otherwise contraindicated by aty^iical phy'sical 
signs, should be considered when the infecting organism is resistant to chemo- 
therapy and when a complicating congenital defect, requiring a patent ductus 
as a compensatory mechanism, is not present. 



MmiPS lIYOCARDITIg 

Review op Literature and Report op Case 

George E. Pelknor, M.D., and Roscoe L. Pullen, M.D. 

New Orleans, La. 

A RECENT paper by Wendkos and NolP brought attention to the existence 
of acute myocarditis ascribable to miimps Avhich could be recognized 
electrocardiograpliically during the convalescent period. In the case reported 
by them, however, no clinical signs of myocardial disease could be demon- 
strated. The purpose of this communication is to report a case, apparently 
of mumps myocarditis, which miCnifested both clinical and electrocardiographic 
evidences of myocardial involvement. 

Scant attention has been given to the possibility of myocardial involve- 
ment during an acute episode of mumps. Pujol,® a French military surgeon, 
first suggested in 1918 that the virus of mumps might conceivably affect the 
myocardium. During a period of nine months he observed a total of 450 cases 
of mumps and in twelve of these he discovered some disturbances in the cir- 
culatory system. However, nine of these patients were eliminated from his 
consideration in view of other etiological factors for their heart disease. The 
remaining three patients complained of substernal pain and dyspnea during 
the convalescent period and, since no other explanation could be found, Pujol 
suspected myocardial involvement from mump^ Unfortunately, he did not 
have electrocardiograms to corroborate his suspicions. In 1932 Manca® con- 
cluded from post-mortem observations that mumps may produce an acute in- 
terstitial myocarditis which could be distinguished from other forms by the 
fibrinous reaction which he believed to be peculiar to this disease. 

Stimulated by these observations, Wendkos and NolP undertook a random 
cardiac survey of fifteen soldiers convalescing from mumps. They demon- 
strated electrocardiographic changes in one patient (6.7 per cent) as mani- 
fested by sinus bradycardia, T-wave changes, and prolongation of the P-P 
interval. They further demonstrated temporary shortening of the A-V con- 
duction time following the administration of atropine sulfate. This effect 
was interpreted as evidence that the prolonged P-R interval resulted from au 
increased vagal tone, a response similar to that observed in active rheumatic 
carditis.^'® Complete recovery of their patient occurred in seven weeks. 

The following ease report is presented to point out both clinical and elec- 
trocardiographic evidences of acute myocarditis following mumps. 

From the Department of Medicine. Tulane University of Louisiana School of MeCR'''®' 
and Charitj' Hospital of Louisiana at New Orleans. 

Received for publication Feb. 24, 1945. 
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CASE REPORT 

A. H., Jr,, a 14-year-old white boy, entered Charity Hospital on March* 26, 1944, com- 
plaining of fever, weakness, and swelling of both testicles. He stated that seven davs 
previously his neck began to swell beneath the ears. The swelling attained considerable 
size. However, the patient did not go to bed and continued to be ambulatory. Tlree days 
later, the patient was forced to take to bed with high fever. The same day he developed 
soreness over the abdomen with intense pain on both sides of the abdomen extending from 
the border of the ribs downward to the inguinal regions. He felt nauseated and vomited 
several times. On the day of admission, both testicles began to swell. 

Upon admission, physical examination revealed a well-developed, well-nourished vrhite 
boy of the stated- age who preferred to lie in bed on one side and maintained flexion of 
both legs. The temperature was 104“ F., the pulse rate was 130, the respirations were 30 
per minute, and the blood pressure was 100/70. The positive findings of the physical ex- 
amination w'ere as follows: slight swelling of the right parotid gland; muffled broncbo- 
vesicular breath sounds with a few rales in both bases posteriorly; a tachycardia (130 per, 
minute) and a gallop rhythm at the apex; epigastric tenderness and mild lower abdbifiinal 
tenderness; liver palpable 3 cnt. below the right costal margin; bilateral testicular enlarge- 
ment up to four times normal size; and a positive Babinski's reflex on the left side. 

The laboratory data were as follows: leucocyte count of 12,930 per cubic millimeter 
with 90 per cent polymorphonuclears, 8 per cent lymphocytes, and 2 per cent monocytes; 
urinalysis, no abnormalities; carbon dioxide combining power of the blood, 30 volumes per 
cent; blood urea nitrogen, 19.6 mg. per 100 c.c.; fasting blood sugar, 129 mg. per 100,^p.c.; 
negative blood Kline and Kolmer tests for syphilis; a negative blood culture; negative 
blood agglutination tests for Eterthella typhi, paratyphi A and B, Brucella melitensis, Bru- 
cella abortus, and Bacillus proteus X 19. A roentgenogram of the chest upon admission re- 
vealed an increase in the lung markings suggestive of an acute respiratory infection. 

Because of the tachycardia and gallop rhythm at the apex, an electrocardiogram 
(Fig. 1, A) was taken and was interpreted by Dr. James L. Gouaux, c.ardiologist at Charity 
Hospital, as follows: auricular and ventricular rate 156 per minute; sinus tachycardia; 
slight slurring of the QRS complexes; slight shift upwards of the S-T segments in Leads 
I, H, and HI; low T waves throughout with inversion of T, and T,; and definite electro- 
cardiographic evidence of myocardial disease. This was repeated seven days later (Fig- 
1, B) at which time all T waves were inverted and the Q-T interval was at the upper limit 
of normal. This electrocardiog^ram was interpreted as compatible with subacute pericarditis 
and myocarditis. 

The patient’s course in the hospital was essentially uneventful. Because of somno- 
lence, a spinal fluid examination was made which was within normal limits. The therapy 
was entirely supportive and symptomatic for mumps orchitis. The patient became afebrile 
on the third day and remained so until he was discharged on April 4, 1944. 

He returned to the hospital on April 26, 1944, for a cardiac checkup. No pertinent 
physical findings were noted. The electrocardiogram (Fig. 1, C) was essentially the same 
as a previous one on April 4, 1944. 

Discussion 

Evidence for the diagnosis of acute myocarditis in this patient is based 
upon the presence of a probable etiological factor, an acute onset, gallop 
rhythm at the apex, tachycardia, mild congestive heart failure as noted by 
enlargement of the liver and rales in the lung bases posteriorly, and -clinical 
recovery within a few days. The electrocardiographic abnormalities persisted 
in this patient for a month. It is regrettable that we were unable to secure 
additional periodic observations on this patient. 
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Althougli too few cases of mumps myocarditis have been recognized to 
establish a clinical picture, it Avoiild appear that the myocarditis is nonspecific 
in nature and gives rise to symptoms and signs which differ in no respect from 
myocarditis from other causes. The exact incidence and the relation of this 
complication to the severity of the preceding parotitis are questions which 
remain unanswered. As Wendkos and Noll suggested, awareness of this con- 
dition may lead to increasing recognition. It seems plain, iiowever, that car- 
diac surveys by all available methods of study should be undertaken on pa- 
tients with mumps, and that the length of convalescence should be judged by 
the symptoms and findings of any cardiac disease, electrocardiographic studies, 
and periodic sedimentation rates. 


SUMMARY 

To our knowledge,, this' is the first case reported in the literature of myo- 
carditis complicating mumps in which both clinical and electrocardiographic 
confirmation of the diagnosis could be made. No etiological cause for the myo- 
' carditis, other than mumps, could be determined. 
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Selected Abstracts 


Bevans, M.: Changes in the Musculature of the Gastrointestinal Tract and in the Myo- 
cardium in Progressive Muscular Dystrophy. Arch. Path. 40: 225 (Oct.) 1945. 

The author records the clinical and pathologic observations in four patients with pro- 
gressive muscular dystrophy. In the voluntary muscles the changes vere the recognized 
ones of progressive muscular dystrophy. While all four patients had myocardial lesions, 
only one patient showed in life clinical signs of heart failure, though all had tachycardia. 
The only electrocardiographic finding was right axis deviation, which two patients exhibited. 

A composite picture of the gross myocardial lesions showed increase in, and opacity 
of, the my'ocardial fat, streaks of fibrosis throughout the myocardium, particularly the left 
ventricle, and slight focal thickening of the endocardium. Microscopic examination re- 
vealed a peculiar distribution of the scarring and of the areas of muscle degeneration. 
The most extensive lesions were seen near the epicardial surface, where the fibrous tissue 
which penetrated and replaced the myocardium appeared to be continuous with the epi- 
cardial fat or with the thickened epicardium. The myocardial fibers showed changes which 
vroiQ comparable to those seen in the skeletal muscles, although there were certain differ- 
ences. Changes of a similar character were noted in various parts of the gastrointestinal 
tract. BELtET. 

Hiatt, E., Brown, D., Quinn, G,, and Macduffie, K.: The Blocking Action of the Cinchona 
Alkaloids and Certain Belated Compounds on the Cardioinhibitory Vagus Endings in 
the Dog, J. Pharmacol. & Exper, Therap. 85: 55 (Sept.) 1945. 

The auth^ors have determined and compared the plasma concentrations of certain 
cinchona alkaloids necessary to produce a blocking action on 'the cardio-inhibitory vagus 
endings in the heart of the dog. The alkaloids studied were quinine, quinidine, cinchonine, 
and cinchonidine. The conclusion of the authors is that of the alkaloids studied only 
quinidine effectively blocked the vagus endings at blood concentrations which, if applied 
to man, would not produce toxic effects. To effectively' block the vagal endings it was 
necessary' for quinine sulfate to reach a plasma concentration of 19.8 mg, per liter. The 
effective levels of cinchonidine and cinchonine sulfate were, respectively, 15.5 and 13.3 mg. 
per liter. Quinidine sulfate, on the other hand, was effective at an average plasma level 
of only' 7.4 mg. per liter. The plasma levels of quinidine sulfate necessary for the success- 
ful treatment of auricular fibrillation and blocking the vagal endings are comparable. 

Bellet. 

Eappaport, A. E., Nixon, C. E., and Barker, W. A.: Eatal Thrombocytopenic Purpura Du® 
to Sodium Salicylate. ,J. Lab. & Clin. Med. 30: 916 (Nov.) 1945. 

A Negro man, 35 years of age, was given a total of 2,640 grains of sodium salicylate 
in thirty-three day's. There were no untoward effects. After a drug-free period of fifteen 
days, the administration of sodium salicylate was resumed, and nine days later he showed 
the typical manifestations of thrombocytopenic, purpura. Splenectomy failed to influence 
the hemorrhages. Further evidence of a toxic origin of the purpura consisted in the 
morphologic characteristics of the megakaryocytes and the metaplastic appearance of these 
elements in the spleen. BEUtEt' 
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Bames, Arlle E,; The Consideration, of Two Cardiac Diseases Amenahle to Surgical Treat- 
ment. Journal-Lancet 65: 382 (Nov.) 1945. 

Bames considers the minimal requirements for the diagnosis of patent ductus arteriosus 
to be, first, a continuous murmur (in the sense that there must be a diastolic as well as 
a systolic element), and second, roentgen evidence of some enlargement of the pulmonary 
conus. The diagnosis must be made with caution in the absence of an increased pulse 
pressure. McMillan. 

Gaston, E. A., and Polsom, H.: Ligation of the Inferior Vena Cava for the Prevention of 
Pulmonary Embolism. New England J. Med. 233: 229 (Aug.) 1945. 

Since venous thrombosis is a disease that frequently affects the vessels of both lower 
extremities ligation of the inferior vena cava seems desirable, since this procedure not only 
interrupts the venous channel above an evident femoroiliac thrombosis, but also acts to 
prevent embolism from a simultaneous subclinical phlebothrombosis that probably exists 
in the veins of the opposite lower leg. The authors report two cases in which ligation of 
the inferior vena cava was performed below the level of the renal veins. Although an 
operation of some magnitude, it is compatible with recovery in seriously ill patients, A 
consideration of the available collateral pathways for venous return around the point of 
ligation indicates that eventual return to a normal venous pressure relation should ensue. 

The indications for ligation of the inferior vena cava are not veil defined. A pretty 
clear indication is the occurrence of several pulmonary emboli secondary to peripheral venous 
thrombosis. A review of the literature is also included in this report. Mc^I. 

Segall, E. L., and Dorfman, W.: Death PoUowing the Intravenous Administration of 
Papaverine Hydrochloride. New England J. Med. 233: 590 (Oct.) 1945. 

Severe respiratory symptoms, hyperpnea, and tachypnea, developed in two patients 
within thirty seconds after the intravenous administration of papaverine. In both patients 
death occurred within five minutes. One patient, aged 80 years, had auricular fibi illation 
and, apparently, an embolism to the bifurcation of the aoita. The second patient, a 61- 
year-old woman, suffered from pulmonary embolism with infarction of the right lower 
lung lobe. 

Since respiratory symptoms began so quickly, the authors feel justified in attributing 
death to the medication. McM. 

Levine, Samuel A., and Hindle, J. A.: Coronary Artery Disease Among Physicians. New 
England J. Med. 233: 657 (Nov.), 1945. 

Levine and Hindle have attempted to secure statistical data bearing on the widely 
held opinion that coronary artery disease occurs more frequently in professional men, par- 
ticularly physicians, than in other groups. They felt that a comparison of the age at the 
time of death from coronary artery disease in different groups would more accurately an- 
swer this question than would a consideration of the number of reported deaths. 

Using 66,3 years as the average age of physicians at the time of death from all 
causes, their analysis showed that 65,8 years was the average age at death from coronary 
artery disease both in physicians and in the general population. The difference was not 
significant. JfcM. 

Drury, Alan N.: Observations Eelating to Cardiac Hypertrophy Produced in the Rabbit 
by Arteriovenous Anastomosis, the Effect of Closure of the Anastomosis. Quart. J. 
Exper. Physiol, 33: 107 (May) 1945. 

Drury carried out a series of studies on rabbits designed to show (1) whether the 
cardiac enlargement that develops after A-y anastomosis is the re.sult mainly of hypertrophy 
or of dilatation and (2) whether or not this enlargement disappears after the A-V connection 
is abolished. From the experiments reported in this paper, as well as from earlier work, the 
author is satisfied that very real cardiac hj-pertrophy develops within six to eight ueeks after 
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the establishment of an A-V anastomosis in rabbits. The hypertrophy disappears equalh 
promptly after correction of the anastomosis. Only one ■ animal showed any persistence of 
the lij-pertrophy. The author classifies hy-pertrophy wliich disappears as physiologic. Tie 
one example in which hypertrophy persisted after elimination of the A-V connection led the 
author to speculate as to whether physiologic hj-pertrophy may not become pathologic hjper- 
tropliy- McMiluk. 


Burnett, C. H., Eland, E, F., and Beecher, H. K.: Electrocardiograms in Traumatic Shock 

in Man. J. Clin. Investigation 24: 687 (Sept.) 1945. 

The authors hoped to obtain some information from electrocardiograms which would 
help to answer the question of wliether the diminished cardiac output in shock is the rpuilt 
of cardiac involvement or is produced entirely by extracardiac factors. Thirty Eeverely 
wounded soldiers were studied. Because of the conditions under which the studies were carried 
out and because many of the patients had chest wounds, chest leads were not made. Twenty- 
five of these thirty patients, all in marked and some in profound shock, showed no electro- 
cardiographic changes. Some of the electrocardiographic abnormalities that were present 
in the remaining five patients are of interest. In two there was definite inversion of the 
T waves in Bead I, which disappeared within one hour after blood transfusion and a result- 
ing rise of blood pressure. Both patients had wounds of the left chest but no evidence of 
actual cardiac or pericardial injury-. Eight axis deviation was anticipated as a result of the 
free use of fluids but was encountered only once. A fourth patient, who did not survive and 
may well have had some injury to the heart or pericardium, showed notched QES complaves 
of low voltage in all leads. The fifth patient presented transient auricular fibrillation, with 
short runs of superimposed ventricular tachycardia. The conclusions to be drawn from this 
study are essentially negative and the authors emphasise as significant that twenty-five patients 
showed no electrocardiographic changes and only five exhibited any- abnormality. 

MclInMX. 

Eantz, Ii. A., Boisvert, P. J., and Spink, W. W.: Etiology and Pathogenesis of Eheumatic 

Fever. Arch. Int. Med. 76; 131 (Sept.) 1945. 

The authors summarize four ty-pes of evidence which in the past twenty years have 
made it “increasingly- apparent that infection by hemolytic streptococci is in some way re- 
lated to the development of the rheumatic state.” In their own series of 1,500 cases of 
respiratory infection they found 15 cases of rheumatic fever among 410 convalescents from 
streptococcal infections and no cases of rheumatic fever among the other 1,100 convalescents 
from nonstreptococcal infections. 

The authors noted that among these patients rheumatic fever may follow streptococcal 
infection without any intervening latent period. In such patients, fever, fatigahilitfi 
anorexia, w-eight loss, and persistent elevation of the sedimentation rate gave evidence of 
continued disease immediately following the frank streptococcal infection. Daring this periotl, 
many of these patients exhibited electrocardiographic changes including inversion of T waves 
and prolongation of the P-E interval. These electrocardiographic changes, however, were also 
found in some of the apparently normal convalescents from streptococcal disease. 

In conclusion, a plea is made for the examination of rheumatic subjects for circula®? 
antibodies or tissue hypersensitivity to streptococcal proteins in a more pure state than has 
been available heretofore. T. N. Haeei=- 


Binehart, J. F.: Observations on the Treatment of Eheiunatic Fever With Vitamin B 
Ann. Rheumat. Dis. 5; 14 (Sept.) 1945. 

The purpose of this paper is to report observations which were made on 39 cases of 
rheumatic fever which have been treated with vitamin P for one month or longer. Of i ® 
39 patients, 24 were children and 15 were adults. All showed activity of the' rheumatic proce^ 
at the time treatment was instituted, and many were of the polycyclic or refractory type- 
preparation used in most cases was crude he.speridin, '0.5 Gm., fortified with 20 mg- 
hesperidin methyl chalcone. The usual dose was 1.5 Gm., one tablet, three times daily ■'Vi 
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meals. 2^o toxic or ill effect Tras noted. Tlie vitamin P was given ia all cases as additional 
tlierapy. 

Twenty-six of tlie 39 patients had exliibited persistent rheumatic activity for six weeks 
or longer. One month after the institution of treatment, their sedimentation rate had fallen 
from an average of 33 mm. to 17.5 mm. per hour. Thirty-four patients exhibited significant 
slowing of the sedimentation rate by the end of six weeks. Twenty-two of the 39 patients 
showed either no evidence of activity or minimal activity after four to six weeks of therapy. 
These results, cliiefly in terms of slowing sedimentation rate but paralleled by other clinical 
manifestations of improvement, are considered evidence that vitamin P exerted a beneficial 
influence on the course of the illness. Laplace. 

Bedell, A. J.: CUiiical Differentiation of Emboli in the Retinal Arteries Prom Endarteritis. 

Arch. Ophth. 34: 311 (Oct.) 1945. 

This paper is a summation of the studj* and correlation of cases of sudden blindness 
caused by the abrupt closure of the central retinal artery or one of its branches, and its 
purpose is to facilitate the differentiation of embolism of the retinal artery from endarteritis. 
Elustrative case reports are presented. The diagnostic criteria for embolism of the central 
retinal artery, on the one hand, are contraction of the arteries to threadlike size, great reduc- 
tion in size of the veins, frequent visibility of the wall of the artery, and retinal edema limited 
to an oval area. It is characteristic of retinal endarteritis, on the other hand, that the arteries 
are rarely as small as those found in cases of embolism, that there are always white plaques 

along their walls, and that the retinal edema involves the entire visible fundus. In both 

embolism and endarteritis, the optic nerve appears white, atrophic, and sharply outlined. 

L.\place. 

Smitbwick, E. M.: Experiences With the Surgical Treatment of Essential Hypertensive 

Cardiovascular Disease in Man. Cleveland Clin. Quart. 12: 105 (Oct.) 1945. 

The operation employed by the author consists of a two-stage sympathectomy in- 
volving removal of sympathetic trunks from at least the tenth dorsal through the first lumbar, 
inclusive, at most from the sixth dorsal through the third lumbar, inclusive, and usually 
from the eighth dorsal through the first or second lumbar. In all cases the great splanchnic 
nerves are removed from the celiac ganglia to the mid-thoracic region, and divided rami 
are carefully clipped with silver dural clips to guard against regeneration. Postoperative 
postural hypotension is a valuable sign indicating that important pathways have not been 
overlooked, and its presence in cases where the operation fails makes it reasonably certain that 
inadequate surgery is not the explanation. Postural hj’potension usually disappears in a few 
months. 

In a six-year period, over COO uuselected patients were operated upon. The operative 
mortality was 2.2 per cent: 2 per cent witliin one year of operation and 3.C per cent one or 
■more years after operation. Nearly two-thirds of the deaths occurred in patients who had a 
resting diastolic pressure of 140. mm. or more, together with such manifestations as advanced 
eye ground changes, encephalopathy, and poor cardiac or renal function. Operation in such 
cases now seems very rarely advisable. The majority of a series of 179 unselected patients 
observed for a period of one to five years were improved. Beneficial effects included changes 
in the eye grounds, electrocardiogram, and cardiac and renal fimctions as well as subjective 
improvement. The diastolic pressure was lowered 30 mm. or more in 42 per cent of the cases, 
20 to 29 mm. in 18 per cent, 10 to 19 mm. in 20 per cent, and 0 to 9 mm. in 12 per cent. 
In 8 per cent of the cases the blood pressure was higher. Studies are now in progress to 
determine criteria by wluch the outcome of operation may be anticipated. Results indicate, 
for example, that women are better subjects than men. 

Among the patients who were operated upon, two were found to have pheochromocytoma. 
Both had severe hypertension of the narrow pulse pressure variety which was nonparoxysmal. 
Their blood pressure returned to normal and they have continued to do well for several years 
after operation. Laplace. 
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Groedel, F. M.: The Pneiunocardiogram. Exper. Med. & Surg. 3: 361 (Nov.) 1945. 

The author describes pneumocardiography as the technique of obtaining a tecoij 
of the pressure changes within the thorax which are created by and which accompanr 
each heartbeat. The literature is reviow-ed and the conclusion cited that there is no fuife 
mental difference between the recorded curves of pressure (pneumocardiogram) and those of 
air velocity (pneumotachogram) as the typical points of inversion of the curves in both ar; 
found to be identical. Tlie author’s technique for recording the pneumoeardiogam consisfa 
in utilizing an anesthesia mask, the outlet of which is directly connected with a microphote 
by 3 cm. of rubber tubing. The chief technical difficulty is that of teaching the patient to 
open his glottis while the record is being made. 

The physiologic basis for the various deflections of the pneumocardiogram is sti 
largely controversial, and further careful n'ork on the subject is desirable. The author 
found, however, that the cardiopneumographic peaks can be very well timed and e.xp!aiDCi! 
on the basis of the phlebogram. The cardiopneumogram was, in fact, found to be almost 
identical in normal cases with a phlebogram obtained by means of a receiver bell loaded with 
300 grams. The conclusion is reached that both consist of air- and venous-blood tidal uaTos 
which represent the pressure clianges in the thorax due to the blood in- and outflow, and of 
superimposed air- and venous-blood concussion waves which reflect the various mechanical 
events in the heart. LaPLAci, 

Kottke, F. J., Kubicek, W. G., and Visscher, M. B. : The Production of Arterial Hyper- 
tension by Chronic Kenal Artery-Nerve Stimulation. Am. J. Physiol. 145: 38 (Nov.) 

1945. 

Since reducing the blood flow to the kidneys by mechanical constrictibn of the renal 
arteries produces hypertension, it seemed desirable to ascertain whether decreasing renal 
blood flow by stimulation of renal vasoconstrictor nerves might likewise cause an elevation of 
blood pressure. .The studies reported were carried out on dogs. Electrodes were placed around 
one or both renal arteries and their accompanying nerves. In the acute experiments, the dogs 
were anesthetized, the blood pressure was recorded directly, and the renal blood flow was 
estimated by a thermostromuhr. Electrical stimulation witli various types and frequencies of 
current was effective in producing renal rasoeonstriction. There was, however, no significant 
increase in arterial pressure, even with a 75 per cent reduction of renal blood flow for as 
long as two hours. In tlie chronic experiments, arterial pressure was recorded indirectly hy 
employing a Van Leersum loop around the left carotid artery. Shielded unipolar silver 
electrodes were applied to oath renal pedicle, using aseptic technique. The leads wok 
brought out through a stab wound in the back, and the animal was allowed to recover, 
sinusoidal alternating current of 2 c.p.s. was applied for twenty to twenty-two hours daiV. 
This procedure was effective in producing arterial hypertension with pressures as higi 
238/194, and, in one animal, a convulsive state associated with elevated blood creatinioc- 
Hypertension was maintained for as long as twenty-seven days but subsided when the con 
tinuous stimulation was withdrawn. 

There was no evidence that a persistent hy^pertension could be produced by fl‘c 
described. On the basis of these studies, the authors state that hypertension of 
produced by chronic renal artery-nerve stimulation does not appear to be a 
dynamic consequence of renal vasoconstriction. 

t 

Parkinson, John: The Harveian Oration on Khemnatic Fever and Ehemnatic Heart 

Disease. Lancet 249: 657 (Nov.) 1945. 

The first part of the oration deals mainly with the diagnosis of early rheumatic hc^'^_^ 
disease. Parkinson states that, whereas too much emphasis was once placed 
murmurs, the pendulum may now have swung too far in the other direction. 1 
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obvious sysiohc murmur should be looked upon critically. Roentgenology is at present of 
great help in recognizing rheumatic heart disease in its early stages. Xo method of study, 
however, eliminates the necessity of basing one’s decision as to whether a systolic murmur 
is organic or incidental mainly upon the quality of the murmur. '‘The louder, the longer 
and the more constant the murmur, the more likely it is to represent organic change.” Many 
typical examples of mitral stenosis show only a systolic murmur, although there is nearly 
always associated roentgen evidence of some left auricular enlargement. 

The second part of the oration is devoted to the "Problems of Rheumatic Fever.” In 
Great Britain, 2.6 per cent of the child population of London are estimated to have had 
this disease, and probably 16,000 persons out of a population of forty million die of the 
disease and its sequelae yearlj'. Parkinson feels that rheumatic fever has the ability to 
produce immunity and subscribes to the view that a large proportion of the population have 
lit one time had the disease in a minimal or subclinical form and arc partiallj' immune. 

Concerning the etiological role df hemolytic streptococci, the author believes that "while 
there is some causal relation between the streptococcus and rheumatic fever, the streptococcus 
is not^the essential cause.” He is of the opinion that one cannot dismiss the possibility that 
some specific organism, at present unidentified, may prove to be the cause of rheumatic 
fever. A chief reason for this point of view is the almost specific involvement of the mitral 
valve by rheumatic fever, which is unlike the behavior of other known streptococcal diseases, 
particularly scarlet fever. 

The debated question of the advisability of removing tonsils is discussed. Parkinson 
expresses the view that, if the tonsils are visiblj' infected and if the tonsillar glands are en- 
larged, they constitute a greater danger to rheumatic than to other children. McMilIjAX. 

Ben- Asher, S.: The Treatment of Anginal Syndrome With Thiouracil. J. hi. Soc. Now 

Jersey 42: 401 (Dec.) 1945. 

The benefit in cases of angina pectoris which is obtained by total thyroidectomy sug- 
gested that a similar result might be obtained by the administration of thiouracil. Such a 
result was actually observed by the author in 1943 in the course of treatment of a case of 
hyperthyroidism in which anginal pain subsided when thiouracil was successfully used in re- 
ducing the metabolism. Since then the autlior has employed thiouracil in the treatment of 
eight patients who had angina pectoris. Electrocardiographic abnormalities were present 
in all cases. The basal metabolism was slightly elevated in one case and normal in seven 
cases. Each patient was given 0.6 Gni. of thiouracil daily for two weeks, followed by a 
maintenance dose of 0.2 .Gm. daily. No other medication was given except nitroglycerin for 
relief of pain during an attack. By the criterion of relief of pain in the course of ordinary 
daily activity, the author considers that the treatment was beneficial in all cases. The results 
are graded as excellent in two cases, good in five cases, and fair in one case. In all cases the 
basal metabolic rate wns reduced to -8 to -20 per cent at the time of maximum improvement. 
In five cases improvement was maintained after thiouracil tlierapy was stopped, and in two 
cases a relapse occurred within six to eight Aveeks after changing from thiouracil to a placebo. 
The author emphasizes the fact that .spontaneous improvement is common in the course of 
angina pectoris, but he believes that the results of thiouracil therapy are, nevertheless, suffi- 
ciently impressive to warrant further investigation of this form of treatment. L.nplace. 


Kinney, Thomas D., Sylvester, R. E., and Levine, S. A.: Coarctation and Arate Dissec- 
tion of the Aorta Associated With Pregnancy. Am. J. M. Sc. 210; 825 (Doc.) 3945. 

The authors could find only two previously recorded instances of combined coarctation 
and dissection of the aorta. They report a third example wliich is the first case in which a 
complete diagnosis was made ante mortem. The diagnosis of coarctation was suggested chiefly 
by arterial pulsation in ihc back and the absence of palpable pulsation of the abdominal 
aorta and femoral arteries. The principal finding that suggested dissecting aneurv’sm was the 
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t-udden onset of pain in the throat and upper back. An enlarging cardiac silhouette, demon- 
strated by roentgenogram and certain abnormalities in the electrocardiogram added further 
confirmation. 

At necropsy changes in the aorta which were compatible with idiopathic medial cystic 
necrosis were present proximal to the coarctation, but were not present distal to the obstruc- 
tion. Reports by other observers of this pathologic lesion in association with coarctation, both 
with and without dissection, are cited. McMilt,.4N. 

Race, George A., and Lisa, James E.: Combined Acute Vascular Lesions of the Brain and 

Heart, A Clinical-Pathologic Study of Pifteen Cases. Am. J. M. Sc. 210: 7.12 (Dec.), 

194.5. 

Race and Lisa analyzed the neeropsj’' findings of one hundred consecutive patients in 
whom acute vascular' lesions of either the brain or heart were present. In 15 patients both 
myocardial infarction and either diffuse petecliial cortical hemorrhage or massive cerebral 
hemorrhage were found. They feel that this combined involvement is neither infrequent 
nor coincidental, and suggest that cerebral anoxia secondary to the myocardial infarction may 
well have been responsible for the cerebral lesions. In support of this view, they point out 
that five additional patients with myocardial infarction presented, in life, evidence of cerebral 
lesions, though no cerebral involvement was found at necropsy. 

The clinical picture was confusing. In all instances the neurological findings pre- 
dominated and were more constantly recognized. In eight of the 15 patients cardiac involve- 
ment was unsuspected during life. Slightly more than 50 per cent of the 20 patients died 
of bronchopneumonia. The authors suggest that sulfonamides be given prophylactically when 
combined cerebral and cardiac lesions exist. McMillan. 

Sokolow, M., and Garland, L. H.: Cardiovascular Disturbances in TsutsugamusM Disease, 

U. S. Nav. M. Bull. 45: 1054 (Dec.) 1945. 

A study was made of 35 convalescent patients from the Southwest Pacific who had liad 
t.^utsugamushi disease three to six months previously. All of the patients had been ambula- 
tory for a period of one to three months. The symptoms in all cases were strikingly similar 
and varied only in degree. The predominant symptoms were fatigability, weakness, dyspnea 
a.nd palpitation on slight effort, and preeordial pains. Dyspnea and palpitation were slight 
in approximately GO per cent of cases, moderate in 30 per cent, and absent in 10 per cent. 
Examination of the heart, involved occasional soft apical or pulmonic systolic murmurs but 
no evidence of valvular disease or pericarditis. There was no gross abnormality of the 
sounds and no evidence of congestive heart failure. A striking feature in one-third of the 
cases was vasomotor disturbance of the hands and feet, manifested by mottled coldness, 
clamminess, and acrocyanosis. The electrocardiogram was normal except for seven cases in 
which there were minor abnormalities such as slurred QRS complexes, low amplitude or flat T 
wave.s in Lead I, right axis deviation, and nodal and ventricular extrasystoles. The arm-to- 
tongue circulation time was normal in all cases. A few patients had minor decreases in 
ratal capacity. However, the breath-holding tests were almo.«t universally decreased, approxi- 
mately 75 per cent of the patients failing to hold the breath for the normal time of forty- 
live seconds. .Seven patients could not hold the breath longer than twenty seconds. A 
standard exereme test, consisting of twenty hops on each foot for a total of forty hops, was 
applied in 28 case". The resultant dyspnea and palpitation were abnormal in 70 per cent 
of the cases and severe in 15 per cent. Blood pressure was normal, but two-tliirds of the 
patients had abnormally rapid heart rates. X-ray examination revealed definite cardiac en- 
largement in four cases and questionable enlargement in two cases. Roentgenkjanographic 
evidence of abnormal cardiac contractions was observed in 14 cases and consisted of slight to 
moderate "peaking” of ventricular waves in 14 cases, with shallow ventricular contractions 
in three case®. The course of the circulatory disturbances noted was progressively favorable, 
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and all of the men were able to proceed on furlough within ninety days prior to return to 
duty. Attention is called to the similaritj'' of the convalescent circulatory manifestations of 
this disease and those j'cported for trench fever during World War I. Laplace. 

Starr, I., and Mayock, R. L.: Convalescence From Surreal Procedures. I. Studies of the 

Circulation Lying and Standing, of Tremor, and of a Program of Bed Exercises and 

Early Rising. Am. J. il. Sc. 210; 701 (Dec.) 1945. 

rhe purpose of this investigation was to search for objective abnormalities during 
convalescence from surgical procedures in order to explain why, during this period, patients 
do not feel as they do in health and are unable to perform certain tasks which in health 
would be easy for them. The studies employed included recording of pulse rate, blood 
pressure, and the ballistocardiogram, in both the horizontal and vertical positions. Prom the 
ballistocardiogram, tlie cardiac output was calculated and also an estimate made of the amount 
of tremor. Forty-four patients were studied in this manner before operation and during post- 
operative convalescence. 

Twenty-hve of the patients studied had been operated u 2 )on for hernia. They were in 
good physical condition before operation and the changes observed after opeiatiou could 
therefore be attributed to convalescence. These postoperative changes includcil, in the 
horizontal position, diminished cardiac output and late fall in blood pressure; and, in the 
vertical position, increased cardiac output and pulse rate and fall in systolic blood pressuie. 
There was also an increase in the difference between the lying and standing pulse rate and 
the lying and standing cardiac output. The amount of tremor on standing was increased. 

The remaining 19 patients studied had undergone more serious operations. Tiiey varied 
so much individually, according to the nature and severity of their illness, that averages of their 
results could not be considered significant. They showed, in general, the same trends as were 
found after herniorrhaphy, except where one of two factors entered into the situation. When 
large amounts of fluid were given intravenously, the usual postoperative fall of cardiac output 
was prevented and sometimes replaced by a rise. Wlien the patient’s ability to take food 
and fluids was improved by the operation (for example after gastrostomy for carcinoma of 
the pharynx), the postoperative course dift'ered from the usual, and pulse rate, blood p^p^- 
sure, and cardiac output all tended to increase. 

Ten of the patients ox^erated upon for hernia were treated difl’erenlly from the others. 
Beginning with the second postoperative day, the}' carried out a series of mild exercises. The 
patients lay in bed, exercised the arms and legs for five minutes, stood up for five minutes, 
then returned to bed and exercised again for five minutes. This procedure was repeated 
twice daily. These patients showed no significant difference from those who remained in 
bed, except that their blood pressure was slightly lower on tJie tenth day, at which time also 
the control gi'oup exhibited more tremor than the exercised patients, and three of them were 
unable to stand. The latter observations were indicative of better physical condition in the 
exercised patients, but the difference was apparent only on the one day. Laplace. 

Starr, I., Mayock, R. L., and Battles, M. G.: Convalescence From Surgical Procedures. 

•II. Studies of Various Physiological Responses to a Mild Exercise Test. Am. J. kl. 

Sc. 210; 713 (Dee.) 1945. 

The main purpose of this investigation was to answer the question as to whether or 
not the response to exercise is altered in postoperative convalescence. The authors specu- 
lated that during that period a given amount of work might be performed less efficiently 
than under normal circumstances. An easy weight-lifting test was designed which was carried 
out in the recumbent position and consisted in lifting a 10-pound iron bar from chest to 
arm’s length tliirty times in one minute. The subject breathed from a spirometer and 
the oxygen consumption and rate and volume of respiration were estimated before, during, 
and after the test. Pulse rate was counted and the ballistocardiogi-am was recorded. From 
the latter, estimates were made of cardiac output. 
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Tested in this manner, five healthy subjects exhibited, as reactions to exercise, an in- 
crease in oxygen consumption, respiratory volume, cardiac output, and heart rate, 'with a 
variable effect on respiratory rate. The work performed was approximately GOO foot pounds 
per minute and the mechanical efficiency averaged 12.7 per cent. 

Twelve patients operated upon for hernia and eight operated upon for other causes 
were tested in the same manner before and after operation. It could not be demonstrated 
that convalescence had any significant effect on the amount of oxygen consumed, the mechanical 
efficiency, the volume of respiration, the cardiac output, or the pulse rate during exercise 
However, when attention was given to the duration of the changes induced by the exercise, 
the averages showed significant differences, the increased oxygen consumption, respiration, 
and pulse rate declining -to a resting level more slowly during convalescence than before 
operation. These differences howe^-er, could only be demonstrated by the use of averages. It 
is pointed out that the variability of the responses of individual • subjects is so great that 
there appears to be no possibility of designing a satisfactory test of tlie tj-pe employed in 
this study, for the detection of convalescence and its duration. Laplace. 

Steiner, Sylvan A.: The Typical Headache of Essential Hypertension. Etiologic Considera- 
tions and Eeport of a Hew Form of Therapy. M. Ann. District of Columbia 14: 
531 (Dec.) 1945. 

The author points out tliat there is an abundance of evidence that the “typical” 
headache of essential hypertension may be of psychogenic origin and possibly may not be 
produced by the elevated arterial tension per se. Hj’pertensive headache bears a striking 
resemblance to migraine, and the apparent relationship between the two suggested the use 
of ergotamine therapy for liypertension. In addition, because hypertensive lieadache usually 
occurs during sleep in the horizontal position, it was decided to inve.stigate the effect of sleep- 
ing in a bed, the headposts of which were raised’ on 10-inch blocks. Twelve cases of hyper- 
tension with headache in which treatment involved elevation of the head of the bed, were 
reported. The patients had previously used nicotinic acid, phcnobarbital, thyocyanates, and 
other medication ivithout relief. Sleeping in the tilted bed, however, gave dramatic relief 
in ten of the twelve cases. One patient was considered a partial failure, being unable to 
sleep with more than a 5-inch elevation of the head of the bed. Four patients required oral 
ergotamine therapy and obtained complete relief after a week ’s course of medication. 

LAPL.ACE. 

Wedmn, B. G., Wedum, A. G., and Beaghler, A. L.: Prevalence of Eheumatic Heart Disease 
in Denver School Children. Am. J. Pub. Health 35: 1271 (Dec.) 1945. 

Eheumatic heart disease is now the first cause of death, excepting accidents, among 
children aged 10 to 14 years, in Colorado as well as in the entire 'United States. Denver had 
the second highest death rate from rheumatic heart disease in children aged 5 (o 14 years 
among the 25 largest cities in the United States during 1939 and 1940. Among cliildren in 
Denver there has been no apparent decrease in the incidence of rheumatic fever. In connec- 
tion with the activities of the Denver Area Eheumatic Fever Diagnostic Service, the authors 
undertook a study in which they personally examined 1,845 Denver high school girls. In tliis 
group a diagnosis of rheumatic heart disease was established in 1.63 per cent. In contrast 
with the incidence of rheumatic heart disease which was found by the authors, an incidence 
of only 0.48 per cent was reported when a series of 1,318 Denver school children was examined 
routinely by school physicians. The authors suggest, therefore, that public health officers, 
in all except the climatically favored southern part of the United States, should revise 
their conception of the amount of rheumatic heart disease in school children and regard it as 
15 to 40 cases per 1,000 rather than 2 to 15. 

The authors consider that the incidence of rheumatic heart disease and rheumatic fever in 
Denver is not disproportionately high as compared mth other large northern cities, but it 
appears possible that the disease itself may be relatively more severe. Lapiaoe. 
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The Caedio-Puemonae Function During Pregnancy. By Gerhard Widlund, University 

Clinic of Obstetrics and Gjaiecologj', Upsala Sweden, 1945. Privately printed, 125 pages. 

In studjang many simple cardiorespiratory functions during pregnancy, it has' re- 
peatedly been found that many of them present so marked variations that it was difficult to 
establish definite trends as the cfCect of pregnancjE 

The present wmrk is a painstaldng, statistical study of oxygen consumption, ventilation, 
blood pressure, and heart rate in pregnancy, and of the response of pregnant women to work- 
tests. The study includes a critical survej’' of the important literature on the subject. 

The author has performed 48S examinations on 157 women after rest and after graded 
exercises; for controls he used GO healthy nonpregnant women of childbearing age. 

He confirmed the generally accepted increase in oxygen consumption as pregnancy 
advances. This was associated with an increase in ventilation through increase in respiratory 
depth. There was also an increase in vital capacity, but not commensurate with the increase 
in respiratory depth; consequently, the "functional elasticity” with respect to ventilation 
depth was diminished. 

He verified a slight increase in systolic and diastolic blood pressure and definite increase 
in heart rate toward the end of pregnancy. The difference between the heart rate when 
lying down and when standing up is diminished during pregnancy and increased in the 
puerperium. The reason for this difference is discussed. The oxygen consumption per work- 
time unit for a given amount of work was the same in pregnant and nonpregnant women, ex- 
cept on severe effort which was accomplished less economically by pregnant women. 

The author finally concluded that, in regard 'to all investigated functions, a pregnant 
woman at rest behaves similarly to a nonpregnant woman doing moderate work; that is, 
already at rest, she partly utilizes her reserves. 

The work is a creditable contribution to a fundamental but neglected problem. 

Julius Jensen, M.D. 
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A STUDY OP THE SUB JECTIVE 'SEHSATIONS ASSOCIATED WITH 

extrasys'toles 

Edward M. BYest:, M.D., Cleveland, Ohio, and 
Lieutenant (j.g.) Thomas G. Bidder, USNE 

I T HAS been the general opinion that the subjective sensations sometimes asso- 
ciated with extrasystoles were produced by the first normal heartbeat follow- 
ing the compensatory pause. This beat is an unusually large one, owing to the 
increased filling of the heart during the long diastole. This explanation seemed 
so logical to the authors that no particular thought was given to other possible 
mechanisms until Ungerleider and Gubner^ proposed that the sensations were 
due to the premature beat itseH. White, referring to the symptoms associated 
with extrasj'stoles, Avrites, “Often, however, the occurrence of the premature 
beat is felt as a more or less disagreeable sensation, due less to the abnormal beat 
itseK than to the pause which follows it, to the vigorous thump of the first nor- 
mal beat after the pause, or to the pressure wave forced up into the neck veins 
from the right auricle at the time of the premature beat; this pressure wave 
results from the contraction of the auricles while the ventricles are in systole.”^ 
In an effort to settle the matter conclusively it was decided to study individ- 
uals who experienced some type of subjective symptoms with their extrasystoles. 
Many persons were seen who had vague precordial sensations and extrasystoles, 
but in these patients there was no close association between the extrasystoles 
and the subjective complaints. Many more were completely unaware of their 
extrasystoles. Eleven individuals were found who were conscious of practically 
all extrasystoles, and, in these persons, 167 premature beats were studied as a 
basis for this report. In nine persons ventricular extrasystoles alone were pres- 
ent; in one, auricular extrasystoles alone were present; and 'in the remaining 
subject both types were present. These individuals were asked to press a signal 
key the instant they experienced their customary symptoms. This signal (G in 
all figures) was recorded with a simultaneous electrocardiogram (D), phono- 
cardiogram (JS), and radial pulse tracing (E in all figures except Pig. 3).* 

From the Department of Medicine, Western Reserve University, and Lakeside Hospital, 
Cleveland, Ohio. c 

Read by title at the Seventeenth Annual Meeting of the Central Society for Clinical Re- 
search, Chicago, Nov. 3 and 4, 1944. 

Received for publication June 14, 1945. 

•For office testing without the aid of additional equipment, a simple arrangement can bo 
worked out with any electrocardiograph. The machine Is placed near enough to the patient so • 
that his hand can rest comfortably on the standardization button. He then Is Instructed to pr®®® 
the button the Instant he notices the sensation in his chest, and a record similar to that shown 
In Fig. 2, F, is obtained. 
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The subjects’ reaction times were determined by tapping their precordia lightly 
with an instrument which recorded the time of contact {A, first deflection, all 
figures). The subjects then pressed a second button the instant they felt the 
instrument strilie their chests {A, second deflection). The electrocardiograph 
was used to measure this interval, which was most often found to be about 0.2 
second. 



Fig. 1. — n. Aj Test of reaction time. First deflection represents the contact of testing 
Instrument "with the precordium. The subject felt the contact and pressed the signal button at 
the time of the second deflection. Two tests are shown. B, Phonocardiogram. Note that the 
first sounds of the extrasystoles are louder than those of the normal beats. G, Signal indicating 
patient’s awareness of extrasystoles. The first one was passed. D, Lead III ; two ventricular 
extrasystoles are shown. E, Kadial pulse tracing. 


RESULTS 

Our subjects reacted to the perception of their extrasystoles in a remarkably 
constant manner. This was unexpected; we had believed that we would get 
many types of reactions. Every subject pressed the signal key (0 in all figures) 
during the pause after the premature beat {D in all figures) and before the 
appearance of the first normal beat. Therefore, it was not this unusually force- 
ful beat after the pause that produced the symptoms, but rather either the pre- 
mature beat itself or the compensatory pause which followed the premature beat. 

There is nothing in our data to support the view that it is the pause that 
one notices. By inspection of the figures it can be seen that in each instance, 
the signal (0) was given considerably in advance of the time when the next nor- 
mal beat was due. For example, in' Fig. 1 the average R-R interval measures 
0.60 second. The signal was given 0.32 second after the R wave of the second 
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Fjg. 2. — W. J. A, Test of reaction time. B, Phonocardiogram. O, Signal indicating sub- 
ject's awareness of extrasystoles. D, I^ad II: one auricular extrasystole is shown. E, Badlal 
pulse tracing, F, Subject pressed electrocardiograph standardization button when extrasystole 
was noticed. Lead II ; one auricular extrasystole is shown. 
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F.'g. 3. — A. W. A, Test of reaction time. B, Phonocardiogram, Note that the first sounds 
of the extrasy.stole.s are of smaller volume than tho.se of the normal beats, C, Signal indicating 
subject’s awareness of extra.systoles. ff. Lead III, ventricular extrasystoles producing a bi- 
geminal rhythm. 
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premature beat. A reaction time 0.20 second {A, Pig. 1), places the time of- 
perception at 0.12 second after the R wave of the extrasystole, and 0.48 second 
before the next beat would have been due if the rhythm had been uninterrupted. 

It is clearly indicated, then that it is the premature beat itself which, by 
one means or another, is responsible for the sjTnptoms experienced by these 
individuals. White^ mentions as a possible mechanism the simultaneous occur- 
rence of auricular and ventricular systole. This might be a factor in some ven- 
tricular premature beats, but it could not explain the identical response of a 
person whose A-V relationships are normal, as is the case in auricular premature 
beats (Pig. 2). 

Ungerleider and Gubner^ found that in persons who were conscious of their 
extrasystoles the first heart sound accompanying these beats was invariably 
louder than the first sound of the normal beats. This increased intensity is 
what one would anticipate when systole occurs at a time when the A-V valves 
are widely separated, particularly since the snapping shut of these valves is 
responsible for the major component of the first heart sound.® We, however, 
could not make such a correlation. For example, Patient A. W. (Pig. 3) was 
conscious of aU but six of the 67 premature beats recorded during the test, yet 
the accompanying first sounds were never so loud as the first sounds of the nor- 
mal beats. On the other hand. Patient H. R. (Fig. 1) was conscious of only 20 
of the 56 premature beats recorded, yet the first sounds produced by these extra- 
systoles were always well above normal intensity. In the same individual, varia- 
tions in volume of the first sounds caused no apparent change in the subjective 
sensations that these extrasystoles produced. In patient iG. B, (Pig. 4) the first 
sound of the premature beat is of decreased intensity in B, of equal intensity 
in jBi, and of increased intensity in yet this patient did not fail to notice 
any of the 19 premature beats recorded during the test. 

Although it is clear that the premature beat is responsible for the symptom 
of palpitation, no adequate explanation for the mechanism has been found. In 
some individuals in whom the beats are very premature and are’ accompanied 
by loud or unusually prolonged first sounds, it may be that this sound, or the 
vigorous closing of the widely separated A-V leaflets, causes the disturbance to 
reach conscious levels. On the other hand, when prematurity is slight, often no 
more than one sees in a moderate degree of sinus arrhythmia, it is difficult to 
imagine that the same mechanism is operating. Perhaps in these cases it is the 
xmusual relationship of auricular and ventricular systoles, which sometimes 
occur simultaneously, that produces the symptoms. 

SUMMARY 

1. Eleven individuals with extrasystoles and associated subjective sensations 
were studied in an effort to determine the mechanism responsible for their symp- 
toms. 

2. Without exception it was found that the premature beat produced the 
subjective sensation. 
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3. In certain Instances, when the premature heat occurred during the period 
of rapid ventricular filling, the symptoms may have resulted from the forceful 
closing of the A-T valves. In other situations tliis mechanism does not explain 
the observations recorded. 
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TREATMENT OP CORONARY DISEASE WITH ANGINA BY 
PERICORONARY NEURECTOMY COS'IBINED WITH 
LIGATION OF THE GREAT CARDIAC VEIN 

A Case Report 

Mercder Pauteux, jM.D. 

Boston, SUss. 

I T IS weU known that in eoronaty disease sensory disturbances, vasomotor 
reactions, and mechanical interferences with the coronary blood flow are 
always intimately interwoven. It is probable that a single group of these 
pathologic phenomena never acts alone. Surgical operations so far developed 
for the treatment of coronary artery disease have as tlieir specific objective only 
the abolition of some reflexes or the correction of some mechanical disturbances 
of the blood supply to tlie heart and have not been designed to attack all these 
abnormal conditions. 

No operation which fails to abolish all of these disequilibria can possibly 
bring about satisfactory and permanent results in the treatment of coronary 
disease. Operations of such limited scope produce only partial or temporary 
improvement and do not affect the general aspect or course of tlie disease. It 
is no wonder .that most of the operations devised have not stood the test of 
time and are no longer used. 

The object of all our experimental studies has been to develop a procediire 
which would eradicate sensory'^ disturbances, vasomotor I’eactions, and mechanical 
circulatory disorders. Because arteriosclerotic disease of the coronary arteries 
is similar to that of the exti’cmities, it Avas assiuned that surgical methods i7secl 
in the treatment of peripheral vascular disease could Im applied to coronary 
disease. 

Leriche, in 1917, advanced the idea that partial arteriectomy could have 
value in tlie treatment of some forms of arteritis. He developed this theory 
in more detail at the French Surgical Convention in 1922, and has elaborated 
on it sinee.^"® In his opinion, the resection of a major diseased arterial trunk 
interrupts vasoconstrictive iiathivays and invariably brings about an actii'^e 
A'asodilatation. His experimental studies and results seem to substantiate his 
views. So impressed was he Avith the beneficial and permanent results of partial 
arteriectomy in the exti’einities tliat he went so far as to suggest it as a Avorth- 
Avhile procedure in coronary disease. 

In 1913, Oppel" demonstrated the efficacy of ligating the popliteal vein in 
the treatment of senile gangrene of the foot. Since then others have confirmed 
his AAmrk. In 1937, Gross, Blum, and Sih'eiTnan® reported experiments shoAving 
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that occlusion of the coronary sinus in the clog increased the blood snpplj' and 
reduced the incidence of infarction following ligation of the coronai\y arterjE 
The author has reported the results of his studies on the effects of both arteriec- 
tomy and venous ligation on the dog’s heart.®'^’^ Partial coronary arteriectomy 
ivas found incompatible with life in dogs with nonnal coronaries. However, 
when this procedure was combined with coronary venous ligation, the mortalit.y 
rate was considerably lower. It was concluded that ligation of the great cardiac 
vein after occlusion of tlie anterior descending brancli of tlie left coronary artery 
of the dog helps to maintain adequate coronary circulation after partial coronary 
arteriectomy. Later, in other experiments (unpublished), a segment of the 
coronaiy artery was rendered chronically inflamed. Pesection of this modifled 
arterial segment was compatible with life' in manj^ instances. Moreover, the 
incidence of infarction was diminished. Such a procedure has no possible ap- 
plication to clinical cases, as it is impossible to secure coronograms* in man 
to demonstrate accurately which arterial .segment .should be resected. 

LIGATION OP THE GREAT CORONARY VEIN IN MAN 

Although it was realized that coronary venous ligation could do no more 
than hasten the development of the coronary anastomotic system, the experi- 
mental results of coronary venous ligation were so encouraging that it was de- 
cided to ligate the great cardiac vein in a carefully selected group of patients 
in order to determine the value of this surgical procedure for man. 

The first iiatient was operated on in 1939.^- Since then nine other patients 
have received the same treatment. A complete study of the final results of their 
operations was presented before the New England Heart Association in j\rarch, 
1943. All these patients had a history of coronary thrombosis wliich was con- 
firmed by electrocardiographic tracings. Some of them gave a history of two 
attacks of eoronaiy thrombosis. All of them were practically disabled by 
“angina of effort” and did not respond to rest and medication. 

Only one patient died postoperatively. A tear in the pleura occurred 
while the heart was being exposed. In spite of careful suturing of this tear, 
the patient died approximately one hour after operation. Pneumothorax under 
tension was found at autopsy. Nothing else was found to explain the death of 
tlie patient. 

A 65-year-old patient recovered Avell from the operation and was discharged 
from the hospital relieved of his pain. He died from progressive myocardial 
failure three montlis after operation. At autopsy the findings were general 
arteriosclerosis, coronary sclerosis noth marked narrowing of the lumen, myo- 
cardial fibrosis, and recent infarction of the left kidney. Because this patient 
had given evidence of cardiac failure preoperatively, he was obviously a poor 
candidate for coronary venous ligation. 

The fiist patient, operated on in 1939, died suddenly two and one-haJf 
years later. Before operation, he was not able to walk one block without de- 
veloping dyspnea. The slightest emotional upset provoked substantial pain. 


This term applies to the visualization of the coronary arteries by x-ray films. 
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Five months after operation, he walked £ve miles without resting and had no 
discomfort. He resumed his work as a janitor. Frequent examinations up 
until the time of his death showed that the marked improvement in his condition 
noticed after venous ligation was maintained. At necropsy there were no ad- 
hesions between the pleura and the chest wall. The external surface of the 
pericardium was smooth and covered by a thick layer of fat reaching the aortic 
arch and projecting laterally on each side of the heart. The pericardium was 
slightly thicker than normal. The heart weighed 620 grams. The ramus de- 
scendens was occluded 2.5 cm. from its origin and was atheromatous and stenosed 
throughout its course. The circumflex artery was occluded 5 mm. beyond the 
bifurcation of the left coronary trunk. The right coronary artery was patent, 
slightly stenosed, and slightly atheromatous. The left ventricle was dilated; 



Flp, 1 . — Photomicrograph of heart muscle of patient operated on April 19, 1939, showing a 

high degree of vascularity. 

there was no aneurysm. No evidence of old or recent infarction of im- 
portant size was found. Histologic sections showed a high degree of vascularity 
of the cardiac muscle. The blood vessels of the posterior and anterior papillary 
muscles were markedly dilated and gave the appearance of being cavernous. 
Actual pools of blood were also found in the sections examined (Fig. !)• 

Of this series of nine patients, seven are still alive : three of them five years 
after operation and four of them four years after operation. All seven patients 
have resumed their work and are able to enjoy life. Although one complaine 
of anginal pain, yet he resumed the occupation which he had had to abandon 
prior to operation. The others have also returned to the same type of work in 
which they were engaged before coronary disease incapacitated them and have 
complained of only slight and infrequent .discomfort appearing at the end of a 
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day’s work. Two patients, however, when they are fatigued, have a sensation 
of pressure without pain over the precordial area. 

The experience gained from this small series of cases is of considerable value. 
The following deductions can be made: (1) The operative mortality was low. 
The complication which caused death in one patient might have been avoided. 
(2) The effects of venous ligation on the vascularity of the heart could be care- 
fully studied in the patient who lived over two and one-half jmars after opera- 
tion. The histologic sections demonstrated that venous ligation in the heart 
produces the same results that it does in the extremities. It opens and dilates 
coronary anastomoses. Tliis anastomotic improvement is not only an immediate 
and transitory effect but apparently a permanent one. (3) The fact that all 
the patients who survived were able to resume their work, most of them without 
discomfort, seems to' indicate that coronary venous ligation effects the natural 
development of collateral circulation and improves both the nutrition of the 
heart and -its functional capacity. This seems about all that one should expect 
from this surgical procedure. 

The coronary nervous system is not modified by this operation. Coronary 
reflexes, therefore, .can still interfere with the function of the heart in different 
ways; for example, by provoking pain, by producing transitory ischemic myo- 
cardial states, and even b}’- contributing to the initiation of ventricular fibrilla- 
tion and sudden death. These pathologic phenomena were observed to a greater 
or lesser degree in some of our patients even after operation. It seemed plausi- 
ble, therefore, that disruption of these reflexes would be beneficial to the pa- 
tient -with coronary disease. 

PERICORONARY NEURECTOMY 

To abolish or at least diminish substantially the incidence of reflexes result- 
ing from stimulation of the nerve endings of the coronary arteries it was thought 
feasible to destroy most of the nerve tranches reaching or leaving the left 
and right coronary arteries, since these branches are localized behind the pul- 
monary artery as well as in the nerve plexus over the ascending aorta.. As 
nerve resection of this sort interrupts s 5 Tnpathetic, vagal, and sensory branches, 
it was called "pericoronary neurectomy.” Experimental studies extending over 
a period of two years have been carried out by the author^® in the Laboratory for 
Surgical Research at the Harvard Medical School. These studies will soon be 
reported.in detail. 

Briefly the results were as follows: In one group of dogs, the circumflex 
artei’y was ligated at its origin, that is, approximately 4 to 6 mm. from the 
aortic opening of the left coronary artery. Twenty per cent of these dogs sur- 
vived. In the second group, which was prepared in advance by coronary venous 
ligation, the circumflex arterj^ was ligated at the same level as in the control 
series. Forty per cent of this group lived. In the tliird group, prepared in 
advance by pericoronary neurectomy, ligation of the, circumflex was done as in 
the previous groups. Sixty per cent survived, In the fourth group, prepared 
in advance by pericoronary^ neurectomy and coronaiy venous ligation, the cir- 
cumflex artery was again ligated as in the previous groups. The survival rate 
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rose to 86.7 per cent. A fiftli groups was prepared by pericoroiiary neurectomy 
and coronary venon.s ligation. Approximately one montli after operation, the 
ramus deseendens was occluded while the animals were conscious. Eighty 
per cent gave no indications of pain ; in the remaining 20 per cent the responses 
wei’e doubtful, but never the typical responses of the control series, 

REPORT OF A CASE 

These experimental findings suggested that pericoronary neurectomy willi 
ligation of the great cardiac vein would be of greater value in the treatment 
of coronary disease than venous ligation alone. On Sept. 11, 1944, the first 
complete denervation of the left coronary artery in man was performed at the 
Peter Bent Brighain Hospital. Although the final results remain to be seen in 
this patient, it Avas thought that a report of this ease would be of interest. 

The patient, a 45-year-old painter, Avas admitted to the Surgical Service of 
the Peter Bent Brigham Hospital on July 27, 1944. One year before admission, 
he experienced, after exertion, three or four attacks of severe substernal pain 
Avhieh lasted three to four minutes each. He had no further trouble until three 
and one-half montlis before admission, Avhen he noticed that Avallring uphill for 
a fcAV minutes Avould bring on an attack of severe, aching substernal pain Avhich 
radiated to the back and was accompanied by a sensation of numbness in the left 
upper arm. The pain came on suddenly and Avas relieved by rest. Frequently 
the attacks of pain Aimre accompanied by nausea, but he never vomited. Such 
an attack never occurred Avhile he Avas at rest. 

An electrocardiogram was taken on June 19, 1944, in the Outpatient De- 
partment of the Peter Bent Brigham Hospital, It Avas reported to show left 
axis deviation and an abnormal Lead IV. A 7-foot heart film shoAA^ed the heaii 
to be only 4 per cent above normal in size. Fluoroscopy shoAved nothing remark- 
able. The physical examination was negative. A diagnosis of coronary disease 
and angina pectoris Avas made. Nitroglycerin Avas prescribed and gave some 
relief. One AAmek before admission, the patient e.xperienced an attack of pain 
AA’-hieli Avas similar to the previous attacks except that it occurred while he Avas 
resting in bed. He sat up in bed all night, as that seemed the only position in 
-Avhich he could tolerate the pain. He had no difficulty in bz’eatliing. The pain 
persisted for the next tAVo days and was so severe that he could not rest. On the 
third day the pain disappeared. During his hospitalization he had several more 
brief attacks of substernal pain. These attacks occurred both at rest and after 
meals. 

On examination, the patient Avas found to be a Avell-dcAmloped, rather thick- 
set man Avhose nutrition Avas good. Apart from the eardioA'ascuIar system, the 
results of the examination AA'Cre essentiallj'' negative. On admission, the tem- 
perature Avas 99.2° F.; the pulse, 104; and the respirations/ 18. The Avhite count 
Avas 8,400, and the blood pressure Avas 120/80. The apex impulse Avas neither 
seen nor felt. By percussion the left border of cardiac dullness Aims found at 
the midclavieular line and the right border 4.5 cm. from the midstemal line. 


•Report to be published by Hrs. Orvar Swenson and Mercicr Fauteux. 
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Heart sounds were distant and a faint apical s 5 ’stolic minmiir was present. The 
rhythm was regular. 

Dr, Samuel A, Levine examined the patient and concluded that he had 
had a coronary thrombosis ten days before admission to the hospital. He ad- 
vised bed rest, observation for six weeks, and re-evaluation after that ]period 
of time. 

An electrocardiogram taken on July 28, 1944, showed left axis deviation, 
diphasic T waves in Lead I, and a normal Lead TV. The heart rate was 63 per 
minute; the P-R intervals were 0.16 second; and the QRS complexes were 0.08 
second in duration (Pig. 2). The patient was kept in bed. He had only oc- 
casional attacks of angina and these gradually disappeared. On Aug. 14, 1944, 
he was allowed to leave his bed for the first time. "Walking around the ward 
did not seem to trouble him. On Aug. 21, 1944, a two-stair exercise tolerance test 
performed by Dr. J. B. P. Riseman showed that 28 trips could lie made before 
pain was initiated. ' 



Fig*. 2. — Electrocardiograms made before operation: A, July 28, 1944; .5, Aug. 17, 1944 ; 
Cj Aug. 28, 1944. Somewhat inverted T waves in Lead I and left axis deviation. 


An electrocardiogram taken on Aug. 28, 1944, showed a normal Lead IV, a 
rate of 79 per minute; P-R intervals of 0.12 second; and QRS complexes of 0.08 
second in duration (Pig. 2). The circulation time varied from 3^ to 12 seconds. 
The wtal capacity was 3,500 cubic centimeters. 

On Sept. 11, 1944, pericoronary neurectomy combined with ligation of 
the great cardiac vein was perfoimied under ether anesthesia mth the assistance 
of Drs. Orvar Swenson and Charles A. Hufnagel. No special preoperativo 
medication was administered. A right-angle incision was made, beginning at 
the level of the second left rib, curving over tlie riglit side of the midsternum 
and then going straight down approximately to the xiphoid. The second, third, 
. and fourth left ribs as well as part of the sternum at this level were partially 
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resected. With blunt gauze dissection, the pleura and left lung were gradually 
pushed laterally so as to give access to the cardiac area. The pericardium was 
incised vertically and then transversally. After exposure of the heart, the 
great cardiac vein was freed just below the origin of the coronary sinus. A 
ligature was passed under the vein, and both ends of the thread were crossed 
temporarily in order to observe the effects of coronary venous occlusion on the 
heart. Since this procedure did not produce any abnormalities in the blood 
pressure, pulse rate, or electrocardiogram (Fig. 3, jB), the level of obstruction 
was considered satisfactory. The vein was not tied immediately because this 
would have caused troublesome distention of small venules in the field of the 
pericoronary neurectomy. 



Pig-. 4. — ^Electrocardiograms made after operation: A, immediately after operation: B, 
one hour and twenty minutes after operation ; G, twenty-four hours after operation ; ana Dt 
thirty-six days after operation. 


The pulmonary artery was freed from the aorta and reflected to the right 
to expose the origin of the left coronary artery and the plexus between the 
aorta and pulmonary artery. The epieardial tissue over the left coronary artery 
was incised and resected down to a few millimeters below the bifurcation of the 
main trunlc. Nerves emerging from behind the pulmonaiy artery and coursing 
toward either the main trunk of the left coronary artery or the ramus dcseendens 
were exposed and resected. Lilcewise the nerve branches merging from the left 
side of the aorta and reaching the left coronary main trunk or the origin of the 
circumflex branch were exposed and resected. During this procedure, tlie areas 
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exposed were frequently touched with small pieces of cotton soaked in novo- 
cain solution (2 per cent). Then the left coronaiy main trunk and the prox- 
imal part of both circumflex and ramus descendens branches were phenolized 
During aU these maneuvers, the heart behaved normally. There was hemor- 
rhage, except for an insignificant oozing from the fat tissues covering the arteiy 
which, was rapidly and easily controlled by application of fibrin foam. The 
electrocardiographic changes during operation were neither marked nor im- 
portant (Pig. 3). A shifting pacemaker with the impulse starting sometimes 
high up, and sometimes low down in the A-V node which occurred during the 
dissection of the vein (Fig. 3, C) ; occasional ventricular extrasystoles at the 
beginning of the operation on the heart ; bradycardia after ligation of the great 
cardiac vein. It should be stressed that the tracings obtained during and after 
dissection of perivascular nerve endings do not show significant changes in the 
T waves or in the S-T intervals. 

The great cardiac vein was ligated. The pericardium was not sutured. The 
chest wound was closed without drainage. At the end of the operation, the pa- 
tient was doing well (Pig. 4) , 

Postoperative Course . — Immediately after operation, oxygen was admin- 
istered continuously for approximately four hours and then discontinued. Two 
days after operation, the patient was sitting up in a chair. On September 17, 
stitches were rWoved. The womid was normal. The patient progressed well 
until September 20, when he complained of tenderness of the calf of the left 
leg. He had a positive Homans’ sign (pain in the calf on forced dorsiflexion of 
the foot). It was believed that the patient had thrombophlebitis. Bilateral 
femoral vein ligation under local anesthesia was performed by Dr. Orvar 
Swenson. A marked rise in temperature which later occurred subsided within 
twenty-four hours after the cessation of sulfadia 2 nne therapy. The patient wa.s 
discharged from the hospital on Oct. 4, 1944. 

Since his discharge, he has been seen at frequent intervals. He never 
complains of anginal pains, either 'at rest, after meals, or after exercise. On 
Oct. 27, 1944, he developed a pleuropuhnonary infection on the right side which 
subsided rapidly after treatment. Exercise tolerance tests were carried out on 
and foUowing Dee. 5, 1944, by Dr. J. E. P. Biseman. After twenty-eight trips 
on the two-stair apparatus, he did not develop pain. The electrocardiograms 
tflkpu after exercise were quite similar to the postexercise tracings talcen before 
surgeiy. At that time the tracing showed only minimal S-T depression. 

The patient has been seen recently and states that he is much improved, has 
no more pain, and has resumed his work. 

SUMMARY 

A case of coronary disease "with angina has been reported. Pericoronary 
neurectomy combined with ligation of the great cardiac vein was carrie on 
six months ago. Since the operation the patient has shown much improvemen , 
has had no pain, and has been able to work. 
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PAEOXYSiilAL PULMONARY EDEI^IA CONSEQUENT TO 
STBIULATION OP CARDIOVASCULAE RECEPTORS 

I. Effect op Intea-.uiterul a>;d INTRA^^2^-ous Infusions 

Aldo a. Ldisada, M.D., and Stanley J. SiUiNOFF, M.D. 

Boston, jVL\ss. 

' I ^HE pathogenesis^ and treatment* of paroxysmal pulmonary edema were re- 
X cently reviewed by one of us (A. A. L,), and it was pointed out that there are 
two conflicting theories as to the pathogenesis. The first explains the syndrome as 
the effect of sudden failure of the left ventricle with a normally functioning right 
ventricle.®"® The other theory attributes the edema to a sudden increase in the 
permeability of the lung capillaries caused by nervm reflexes.^'® 

In previous attempts to produce acute pulmonary edema similar to that seen 
in hypertensive patients, the following expeidmental devices have been used: 
(a) massive injection of adrenalin (in rabbits) (b) ligature of the aortic 
arch and of some of its efferent arteries (in rabbits or dogs)®’ and (c) 
massive intravenous infusion of saline solution (in rabbits, cats, and dogs). 

Sloiu infusion of saline into the veins of the dog can be continued for hours, 
until enormous amounts have been introduced, without producing any symp- 
toms, as Wiggers®® has shown. Therefore, various authors’®*®^ have resorted 
to the device of cutting the vagi before the infusion in order to produce edema. 

Rapid intravenous infusion of even an enormous quantity of fluid, amount- 
ing to three times the blood volume, given in less than thirty minutes, only 
irregularly produces edema of the lungs. It has been found, however, that the 
rapid intracarotid, infusion of saline solution produces pulmonary edema more 
consistently.®^’ 

The technique and preliminary results have been described elsewhere.*® 

METHODS 

Mongrel dogs weighing 5 to 20 kg. were used. Smaller dogs and pregnant 
bitches were found to be unsuitable. Anesthesia was induced by the subcu- 
taneous injection of 3 mg. of morphine sulfate per kilogram of body weight. 
This was followed twenty minutes later by 1 Gm. per Idlograra of body weight 
of urethane given by stomach tube. Occasionally, a small additional amount of 
urethane was required. The choice of anesthesia is important, since sedatiies 
and anesthetics may inhibit experimental pulmonary edema.*®’ **’ *®’ ®® _ In early 
experiments we used ehloralose, but w'hen this drug became unobtainable we 
resorted to the use of urethane, which we found almost as satisfactory since it 
has no action on cardiovascular receptors.*®' 

From the Surgical Research Lahoratory of the Beth Israel HospltaL Massachusetts. 

This paper "was read before the jN’ew York Cardiological Society, Oct- 2o, iU44. 

Received for puhlicatlon June 9, IW5. 
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Infusion . — ^Arterial infusions into the carotid and the femoral arteries were 
given with the cannulae directed toward the periphery (head, legs) ; venous 
infusions were given with the cannulae directed centrally. Large amounts of 
isotonic saline solution, Tyrode’s solution, bovine albumin-salt solution, and 
blood were administered separately under high pressure. Arterial infusions 
were given under a pressure of 280 to 300 mm. Hg and venous infusions under 
a pressure of 50 to 150. 


Do^ iO Kl^os 


Pig. 1. — Sketch of the method for interrupted infusion. 

In tlie first series of experiments uninterrupted infusion of fluid was con- 
tinued until the death of tlie dog. In a second series it was thought preferable 
to alternate periods of infusion with periods of rest in order to avoid anoxemia 
of the brain, to permit the development of the edema, and to limit the total 
amount of- fluid used. 

The total quantity of injected fluid usually amounted to 2.3 times the an- 
imaPs estimated blood volume. The blood volume was estimated to be 10 per 
cent of the animal’s total weight. The total volume of infused fluid was oc- 
casionally varied' for different purposes. The initial infusion was 85 per cent of 
the animal’s estimated blood volume and was administered in from one to two 
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and Me-hal{ minutes depending on the site o£ the dog. Ten minutes after staft- 
mg the first infusion another mfnsion amounting to 80 per cent of the orWnal 
Wood volume was given. Five minutes after the end of the second infusion 63 
per cent of the original blood volume was infused and required a correspond- 
ingly shorter period of time. If the animal survived this procedure, it was sac- 
rmeed seven minutes after the end of the last infusion. The trachea was 
c anxped, the inferior vena cava was cut, the heart was severed from its con- 
nections, and the lungs were removed within two to three minutes. 

The fluid to be infused was contained in a large bottle. The pressure in 
the air chamber of the bottle was controlled by .means of a pnmp and was 
measured with an aneroid manometer. The fluid escaped through a rubljer 
tube and entered the two glass eannulae connected to the twu common carotid 
artei’ies. The proximal ends of the vessels were tied at the beginning of the 
experiment and were left so until the end. Because of the ligation of the com- 
mon carotids, the artificially high pressure present in the jcarotid arteries during 
the short periods of infusions was followed by longer periods of low carotid 
pressure. 

Evaluation of the Edema . — In some of the first experiments we tried to 
defect pulmonary edema by physical examination. This proved to be unsatis- 
factory. All animals developed dyspnea during the experiment. This was 
nearly always accompanied by brouchospastic phenomena and either dry, 
whistling, or crackling noises were audible upon auscultation. Moist rales were 
difficult to recognize because of the other auscultatory findings. Pink froth 
coming out of -the nose unmistakably indicated the existence of edema. How- 
ever, the tremendous hypertension in the head may lead to salivation and oc- 
casionally bleeding from the gums and nose. This may result in confusing 
gurgling sounds which are not due to pulmonary edema. Vomiting sometimes 
occurs. 

In other experiments we tried to detect the presence of edema by opening 
the trachea and observing the spontaneous outpouring of frothy sputum. This 
also proved deceptive ; in some experiments moderate edema gave rise to early 
outpouring of frothy material ; in others, severe edema did not. Therefore, we 
decided that only data based on post-mortem findings were to he relied upon in 
determining the presence and degree of pulmonary edema. 

The gross appearance of the lungs and the presence of foam in the trachea 
were noted. The trachea was clamped and cut 2 inches above the earina, and 
tbe lungs were weighed without any loss of fluid from the trachea. The lun^ 
were then inverted and squeezed firmly in order to note the character and 
amount of fluid and foam which they contained. Section of the parench^a 
likewise yielded information as to the amount of edema present in different lobes. 

The normal weight of the lungs of animals sacrificed during other experi- 
ments was studied in early spring and in midsummer. By dividing the^ v cig i 
of the lungs in grams by the weight of the dogs in kilograms, we obtamed an 
index representing the relative weight of the normal lungs, including a norma 
amount of blood. This is referred to as the lung/hody index. 
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In early spring, when the temperature was still low, this index was found 
to vary between 0. /5 and 1.05 and averaged 0.86.-* In summer, vdien the tem- 
perature was high, the index was from 1.13 to 1.66 and averaged 1.33. There- 
fore, an index of 0.8 to 1.2 in winter and early spring and an index of 1.3 to 1.5 
in summer may be considered a normal index for dogs given large amounts of 
fluid. 

Fluids JJsad . — ^Four different types of fluid Avere employed: (a) Tyrode’s 
solution; (b) physiologic salt solution; (e) a 5 per cent bovine albumin solution 
in normal salinef ; and (d) oxj'genated dog blood. All fluids were injected at 
37° C. When the injections Avere repeated at room temperature the results 
were the same. Fine, Seligman, and Franlc^® have demonstrated that dogs tol- 
erate bovine albumin. Dog blood obtained by bleeding tAA’o heparinized dogs 
before the beginning of the experiment Avas kept for about an hour ‘at 37° C, and 
shaken before use in order to saturate the red cells Avith oxygen. 

Tracings and Evahiaiions. — ^l^eiious pressure was determined by the Ken- 
nedy-Lyon-Bunvell technique. Arterial pressure AAms determined by direct 
femoral puncture or cannulation. Heparm Avas used in the latter instance. In 
some animals kj^mographic tracings Avere made. Electrocardiographic and 
phonocardiographic records, as AveU as roentgenograms of the chest, were ob- 
tained in .several experiments. By considering gross observations together Avith 
the lung AA'eights we graded the edema from 1 to 4. The procedure employed is 
indicated in Table I. 


Table I. Findings Used in Grading the Degree op Pulmonary Edema 


INDEX 

lung/body 

FOAM 

EDEMA 

1.20-1.60 

None 

- (congestion) 

1.40-2 

Slight 

+ 

1.40-2 

Abundant 

4--f 

. 1.60-2.75 

Fair amount 

■1- + 

1.60-2.75 

Abundant 

+ + + 

2.75-5 (or above) 

Abundant 

-f + + -f 


Table n. Continuous Infusion Into Carotid Arteries 


SERIAL 
NUMBER OP 
EXPERIMENT 

AYEIGHT OP 
THE DOGS 
(KG.) 

amount OP 
FLUID AS COM- 
PARED TO 
ESTIMATED 

normal blood 

A'OLUME 

INDEX 

LUNG/ 

BODY 

GRiVDE 

OF 

EDEMA 

ANESTHESIA 

MODE OP 
DEATH 

SA 

20 

About 3 

- 

■f *f 

Chloralose 

Spontaneous 

9A 

24 

About 3 

— 

+ + + -f 

Chloralose 

Spontaneous 

llA 

19 

1 

- 

+ 

Chloralose 

Spontaneous 

13A 

27 

3 

- 

+ + -f 

Chloralose 

Spontaneoii.s 

17 

7.4 

2.5 

3.37 

-r -f -f -1 

Urethane 

Spontaneous 

44 

12.7 

1.5 

1.96 


Urethane 

Dog killed 


•In a study on the weight of the lungs of normal dogs, AVood and Moe*' obtained an Index 
of 0.8, with a minimum of 0.54 and a maximum of 0.97. Since these dogs were Idiled by bleed- 
ing, the lungs had a subnormal content of blood and, therefore, a lower weight. 

tThis was provided by the Armour and Company, Chicago, 111., through the courtesj' of 
Prof. E. J. Cohn, Department of Physical Chemistry, Harvard Medical School. 
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RESULTS , 

Continuous Carotid Infusions. — Continuous infusion of saline Avas used in 
six experiments. The external and inteimal carotid arteries and some of the 
small branches were ligated in five of them, so that the fluid entered the an- 
final only through the small vessels originating immediately above the earotid 
' sinus. Death of the dogs oeeui’red after amounts of fluid Amrying from one to 
three times the blood volume had been injected (Table II). 

Standard Interrupted Carotid Infusion. — Infusions given in three inter- 
rupted periods sometimes caused the death of the animal. The first infusion gen- 
erally produced slight dyspnea; the second was accompanied and followed by 
severe dyspnea; and the third was followed by extreme dyspnea, then apnea 
and death. Pink froth often poured from the nostrils betAveen the second and 
third infusions or during the latter (Table III). 

Infusion with Tyrode’s solution produced far less severe dyspnea than 
infusion with saline: dyspnea Avas entirely absent in one experiment (Table IV). 
Infusion Avith hovine albumin-salt solution resulted in dyspnea comparable to 


Table III. Standard Interrupted Infusion Into the Carotid Arteries A;\nTii Puysiologic 

Salt Solution 




AMOUNT OF 


* 


SERIAL 


FLUID AS COM- 




NUMBER 

AVEIGHT 

PARED TO , 




OF 

OF THE 

ESTIMATED 

INDEX 

GRADE 


EXPERT- 

DOGS 

NORMAL BLOOD 

LUNG/ 

OP 


MENT 

(KG.) 

VOLUME 

BODY 

EDEMA 

MODE OF DEATH 


» T *****N..V* 

+ + + Dog killed 
+ + + + Dog killed 
+ + + Dog killed 
+ + + Dog killed 
+ + Dog killed 

+ + + Dog killed 
+ + + + Dog Irilled 
+ + + Spontaneous death 
+ + + + Spontaneous death 


remarks 


Tracheotomy 

Ligature of _ 
jugular veins 

Tracheotomy 


Table IV. Standard Interrupted Infusion Into the Carotid Arteries "With 

Different Fluids 


serial 

NUMBER 

of 

EXPERI- 

MENT 

1 

56 

59 

GO 

61 

5 


WEIGHT 

OF 

THE DOGS 
(KG.) 
11.2 
8.2 
5.7 
5 

15.9 

13.4 


AMOUNT OF 
fluid as COM- 
PARED TO 
ESTIMATED 
NORMAL BLOOD 
VOLUME 

3 

2.3 

2.5 

2.5 

2.3 

2 


INDEX 

LUNG/ 

BODY 


GRADE 

OF 

EDEMA 


+ + + 
+ 

+ + 
+ + + 
+ + + + 


MODE OF 
DEATH 


Spontaneous 
Dog killed 
Dog killed 
Dog killed 
Dog killed 
Spontaneous 


2.29 + + + Spontaneous 

4.72 + + + + Dog killed 


fluid 


'-Tyrode’s 
Tyrode's 
Tyrode’s 
Tyrode ’s 
Tyrode’s 
Bovine albumin- 
salt solution 
Bovine albumin- 
salt solution 


00 


7.2 
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that caused by saline solution. It also produced severe edema (Table W). In- 
fusion with blood caused only moderate dyspnea but very severe edema 
(Table IV). 

Infusion made into only one carotid artery produced moderate pulmonary 
edema. 

Infiision Into Other Vessels . — ^Infusion was made into the femoral arteries 
of five animals in a manner similar to that used for the standard infusion into 
the carotids, except that two and one-half to three times the estimated blood 
volume was introduced. Three out of five dogs had perfectly dry lungs, one had 
moderate pulmonary edema, and one had severe.pulmonaiy edema (Table V). 


Table V. Standard Infusion Into the FEiioRAu Arteries 


serial 

NUMBER 

OP 

EXPERI- 

MENT 

WEIGHT 
OF THE 
DOGS 
(KG.) 

AMOUNT OF 
FLUID AS COM- 
PARED TO 
ESTIMATED 
BLOOD VOLUME 

INDEX 

LUNG/ 

BODY 

1 

GRADE 

OF 

EDEMA 

MODE OP 
DEATH 

FLUID 

REMARKS 

2 

12.2 

2.9 

0.9 

- 

Dog killed 

Tyrode ’s 


78 

5.3 

3 

1.26 

- 

Dog killed 

Saline 


81 

11.4 

3 

2.45 

+ + 

Dog killed 

Saline 

Summer 

84 

5.2 

2.5 

1.58 

4- 

Dog killed 

Saline 

Summer 

90 

7.8 

2.5 

1.18 

- 

Dog killed 

Saline 

^•m 

38 

12,5 

2.4 

1.64 

+ 

Dog killed 

Saline 

Infusion, to- 
ward the 
center 


Infusions into veins were made under pressure of from 50 to 150 mm. of 
mercury. In one experiment tire jugular veins were used, with the fluid in- 
jected toward the heart. In all others the femoral veins were used, with the 
fluid also directed toward the heart. Severe pulmonary edema occurred in 
only two out of eight dogs, while minimal edema developed in one (Table VI). 


Table VT. Standard Infusion Into Veins 


SERLVL ! 
NUMBER 
OF 1 

EXPERI- j 
MENT j 

WEIGHT 

OP 

THE DOGS 
(KG.) 

AMOUNT OP 
FLUID AS COM- . 
PARED TO 
ESTIMATED 

1 BLOOD VOLUME 

1 

INDEX j 
LUNG/ ] 
BODY 1 

GRADE 

OP 

EDEMA 

i 

MODE OF 
i DEATH 

PRESSURE 

(MM. 

HG) 

REMARKS 

3 

14 

2.7 

■ 


Dog killed 

50 

Absolutely dry 
lungs. 1 fem- 
oral vein 

11 

17 

1.7 

1.05 

- 

Dog killed 

100-120 

1 femoral vein 

51 

10 

3 

1.25 

- 

Dog killed 

110-120 

Jugular veins 

65 

10 

3 

4.05 

+ + + 

Dog killed 

140-160 

Femoral veins 

'67 

9.3 

2.3 

1.35 

- 

Dog killed 

110-120 

Femoral veins 

68 

10.9 

3 

1.46 


Dog killed 

129' 

Femoral veins 

S3 

7.S 

2.3 

1.31 

- 

Dog killed 

100 

Femoral veims 

91 

10.9 

2.3 

3.94 

+ -H- + 

Dog killed 

100 

Femoral veins 
— summer 


Effect of Infusion Upon Arterial and Venous Pressure . — Femoral arterial 
pressure was measured in two standard experiments and recorded graphicall}' in 
a third. After occlusion of the common carotid arteries the blood pressure rose to 
170 to 190, but returned to normal levels during the first infusion. The same al- 
ternation of high and normal blood pressure was repeated during the second infu- 
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sion, but there was a gradual tendency for the blood pressure to rise. After the 
end of the third infusion the systolic pressure was higher than at any previous 
time, though not markedly so; it reached 170 mm. Hg in two experiments and 
160 mm. Hg in another. 

Femoral venous pressure was measured in four experiments. Prom a nor- 
mal figure of 3 to 7 cm. of water the pressure rose fo 50 to 70 at tiie end of the 
first infusion, but returned to normal within five to eight minutes. It rose to 
75 to 85 at the end of the second infusion and fell to 20’to 35 at the end of the 
re^t period. It reached 95 to 100 at the end of the third infusion, and dropped 
later to 15 to 30 .iust iDefdre the animals were sacrificed. 



Fig. 2.— Changes of the venous and arterial pressures during the standard Infusion of one dog. 


Electro- and Phonocardiograms . — These graphic studies Averc recorded in 
two experiments? Cannulation accelerated the heart rate from an average of 115 
per minute to an average of 140. The heart rate reached ISO after the first 
infusion but rose no higher after subsequent infusions. Sinus rhythm was main- 
tained. All Avaves in the electrocardiogram became smaller, and either inversion 
or flattening of the T Avaves developed. 

The phonocardiogram shoAved signs of myocardial strain, such as gallop 
rhythm or diastolic rumble, and a terminal decreased amplitude of the second 
sound. A functional systolic murmur Avas observed in one experiment. 
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irig. 3.-"Electro- and plionocardiogram of a dog during the standard infusion: before 

cannulation of the carotids; B, after cannula tion; C, after the first infusion; D, after the second 
infusion; and E, after the third infusion, immediately before death. 
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Roentgenograms. ^Films of the thorax were taken in tliree experiments 
with the anunal lying flat on the back. The condition of the heart and lungs 
was studied and compared before cannulation, after the second infusion, and 
after the third. The tremendous increase in the blood volume and the storage 
of fluid in the blood reservoirs made the comparison difficult because the thorax 
was apparently increased in size. This was the result (a) of increased size of 
the heart; (b) of increased size of the abdominal organs; and (c) of vascular 
distention, edema, and compensatory emphysema of the lungs. All these factors 
caused widening of the intercostal spaces. The edema was indicated by tlic 
haziness of the lung fields. 

Post-Mortem Findings . — ^Pluid was present in the abdominal cavity. The 
urinary bladder was distended and the small bowel contained fluid. However, 
very little of no fluid was present in the pleural and pericardial cavities. Botli 
the liver and the spleen were distended and cyanotic. Cyanosis of the abdominal 
organs was remarkable. The stomach was tremendously distended both by 
fluid and by gas. The heart was uniformly enlarged but not flabby. The limgs 
were distended and showed red patches separated by pale areas. "Whitish or pink 
foam poured from the cut trachea, and from the parenchyma a red bubbling 
froth flowed which was increased by squeezing. 

DISCUSSION 

This study was made in order to re-evaluate earlier experiments*^ bearing 
on the possibility of producing pulmonary edema by the perfusion of the isolated 
head. We were able to demonstrate that in those earlier experiments fluid 
escaped from the head into the trunk through venous channels. This led to the 
present systematic study of (a) infusion into various vessels, (b) infusion into 
the carotid arteries ivith unimpaired venous return to the heart, and (c) in- 
fusion into the carotid arteries by means of a new technique. 

Paroxysmal pulmonary edema, caused by the rapid infusion of fluid under 
high pressure into the carotid arteries, is only one aspect of a complex picture 
of transudation into serous cavities and into the lumen of various organs, such 
as the bronchial tree and the gastrointestinal tract. However, there is no defi- 
nite connection between the amount, or even the existence, of pulmonary edema 
and the degree of transudation elsewhere. As a matter of fact, expeiiments 
with rapid infusion into veins often caused a remarkable degree of ascites vnth- 
out the production of any pulmonaiy edema. Moreover, the pulmonary edema 
produced by carotid infusion may be prevented by various procedures to be de- 
scribed, without changing the volume of the ascites, of the transudation into the 
gastrointestinal tract, or of the salivation. This shows that pulmonary edema 
is a particular aspect of the picture, and that the rapid increase of the blood 
volume is only one of the factors leading to transudation into the alveoli. Ex- 
periments with infusion into other vessels eonfirm this conclusion. If we ex- 
clude the experiment of infusion into the femoral arteries toward the heart, 
which may be explained in a different way, we obtain the following results: 
(a) In thirteen experiments with infusion either into veins or into femoral ar- 
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teries, where the average amount of infused fluid was 2.57 times the blood vol- 
ume, pulmonary edema was found in 27.7 i^er cent of the dogs, (b) In eighteen 
experiments with infusion into the carotid arteries, where the average amount 
of infused fluid was 2.38 times the blood volume, pulmonary edema was found 
in 89 per cent of the dogs. This shows that ihe amount of fluid plays only a 
secondary role and that the route of infnsionds of primary importance. 

Viscosity of the fluid seems to act in an inverse way; the more viscid the 
fluid the greater the edema. Obviously, Lvhen the infused fluid has a low 
mscosity it is excreted, secreted, and stored with such speed that the venous 
return to the heart is relatively less than when it has a high mscosity. This 
factor is more important than ability of the fluid to penetrate the walls of the 
lung capillaries, and accounts for lower grades of pulmonaiy edema ■with 
Tyrode’s solution and saline than udth albumin or bipod. This conchision is in 
agreement with that of Yeomans, Porter, and Swank.-^ 

The chemical composition of the fluid is of some importance. 'When either 
Tyrode’s solution or blood is substituted for plain saline, the dyspnea is very 
much less severe. Tliis can be attributed to tlie presence of calcium and potas- 
sium ions, and in the latter ease to the presence of oxygen. The absence of these 
substances is likel}^ to effect the receptors of the carotid body and the brain cen- 
ters. The effect on the lung capillaries is considerably less, since the fluid is mixed 
until blood before reaching them. However, in spite of this fact, pulmonary 
edema may occur with either Tyrode ’s solution or blood. 

Asphyxia is not likely to occur because of the shortness of the periods of 
infusion. Moreover, infusion with oxj’genated blood was followed by pulmonary 
edema, which excludes the possibility of this mechanism. 

The S 3 'stemic blood pressure rises after occlusion of the common carotid 
arteries, falls during the infusion (carotid sinus reflex), and then rises again. 
The maximum level, found toward the end, when the effect of occlusion of the 
carotid arteries was added to that of increased blood volume, was about 170 mm. 
of mercuiy. Therefore no permanent arterial liypertension plaj^s any part in 
these experiments. 

Venous hypertension undoubtedly occurs; extreme figures may be reached 
for a short time. This may be an important element in the causation of the 
edema. However, venous infusion under pressure far higher than that obtained 
by standard carotid infusion, caused pulmonaiy edema in onlj’- a small per- 
centage of the experunents. 

Distention of the heart should be considered. The dog’s heart dilates tre- 
mendously during the infusion, but this distention should not be considered as a 
manifestation of failure. This is borne out by the slight changes in the electro- 
cardiogram, the preservation of normal rhythm, the moderate auscultatory signs 
of strain, and by the fact that upon section the heart is often found beating 
strongly and maj’' even continue to do so after excision. In spite of these facts, 
distention of the heart may play a part and will be studied later. 

The pulmonaiy edema which is brought about in dogs by the use of inter- 
rupted carotid infusion cannot be explained without taking into account factors 
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which are not purely mechanical. Vascular changes, nervous reflexes, and 
humoral mechanisms are being investigated and will be reported subsequently. 

The evaluation of pulmonary edema produced by our teclmique must take 
into account seasonal conditions. We have observed that when experiments were 
made in the summer, the dogs had poor resistance and died early, often with 
a more severe pulmonary edema than was produced in other seasons. This can be 
explained by the fact that dogs have very few sweat glands and depend chiefly 
upon panting and vaporization of water for keeping their body temperature 
within reasonable limits.^® This mechanism, which may produce overventilation 
of the alveoli and may change the chemical composition of the blood®®, both 
stimulates the medullary centers and causes a greater amount of blood to pass 
through the lungs in a given unit of time. That the latter occurs is demonstrated 
by the high lung/body index Avhieh we found in summer in comparison with 
that found in early spring.' The hyperemia of the lungs, the gi’eater stimulation 
of the respiratory center, and the frequent alkalosis are aU factors that must 
be taken into consideration. 


SUMMARY 

1. A new experimental procedure for producing acute pulmonary edema 
in dogs is described. The basis of the method is the rapid infusion of massive 
quantities of fluid into' the common carotid arteries, toward the head. The 
infusion is performed in three short, interrupted periods ivitliin a half hour, 
under a pressure of 280 to 300 mm. Hg. The quantity of fluid introduced 
amounts to 2,3 times the dog’s estimated blood volume. This procedure produced 
pulmonary edema in nearly all experiments. 

Clinical manifestations and electrocardiographic, roentgen, and post-mortem 
findings are discussed. 

2. The effect of infusion of either the same amount or a larger amount of 
fluid into the femoral arteries and into veins has been studied and compared 
with- the results of intracarotid infusion. Pulmonary edema is produced by 
these methods in only a few experiments. 

3. The effect of varying the chemical composition of the fluid is discussed. 

4. Neither the amount of fluid injected nor the rate of its injection de- 
termines the production of edema. Factors other than mechanical ones are in- 
volved -in the production of the form of pulmonary edema which is being in- 
vestigated. 
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PAROXYSJIAL PULMONARY EDELIA CONSEQUENT TO 
STIiV'IULATION OP CARDIOVASCULAR RECEPTORS 

II. Mechanical and Neurogenic Elements 

Aldo a. Luisada, M.D., jVnd Stanley J. S.vrnoff, M.D. 

Boston, SIass. 

A new method of producing acute pulmonary edema in dogs based upon 
rapid intracarotid infusion- of massive quantities of fluid toward the head 
was described in a previous article.^ Fluid amounting to niore than twice the 
dog’s estimated blood volume was infused into the carotid arteries under a 
pressure of 280 to 300 mm. Hg, in three short interrupted periods, which oc- 
cupied half an hour in all. The study has been continued in an attempt to 
evaluate the role of the various mechanical and neurogenic elements in the pro- 
duction of this type of experimental pulmonary edema. 

A. MECHANICAL FACTORS 

Methods . — The influence of gravity was studied by keeping the animal 
either lying on one side or in the standing position throughout the period of 
infusion. The influence of dynamic changes secondary to spasm of the glottis 
was studied by performing a tracheotomy either prior to the first infusion or im- 
mediately after it. The effects of var3dng pressure conditions in the respiratory 
tree were studied by using the following procedures: (a) tracheotomy followed 
by artificial respiration with an interrupted positive pressure of 8 cm. of water ; 
(b) tracheotomy followed by artificial respiration with an interrupted negative 
pressure (suction) of 8 cm. of water; and (e) tracheotomy and continuous 
insufflation of air under a lateral pressure of 10 cm. of water near the carina 
through a Foley catheter. 

The effect of Heeding was studied in the folloiving way. Following heparin- 
ization, the standard intracarotid infusions were performed. During the sec- 
ond and third infusions, however, amounts of blood equal to the volume of in- 
fusion were taken from the femoral artery. The blood obtained during the sec- 
ond infusion was used as the infusion fluid for the third infusion. 

Results . — The effect of gravity fully explains the congestion which is con- 
stantly present in the posterior part of the lungs when the dogs are perfused by 
means of the standard technique. Dogs kept lying on one side show an intense 
congestion of the lung on the dependent side which is revealed by the cyanotic 
color of its surface. However, this congestion does not vary witli the edema, as 
the lung of the upper side is lighter in color, but may be heavier in weight than 
the other. Dogs kept standing during the experiment show the same intensity 
of pulmonary edema as the others but exhibit very marked congestion of the 
lower lobes, both in the back and in the front. 

The effect of rapid bloodletting during the infusion was demonstrated in a 
striking way by the fact that the dogs so treated did not show any trace of pul- 
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Table I. The Effects of Various Procedures Which Influence Kespiration 


SERIAL 1 
NUMBER 
OF ■ 

EXPERI- 1 
MENT 

WEIGHT 
OF DOGS j 
(KG.) 1 

INTERVENTION j 

INDEX 
LUNG/ 1 
BODY 1 

GRADE OF 
EDEMA 

REMARKS 

50 

6.4 ' 

Tracheotomy 

2.74 

+ + + 


89 

8 


5.4 

+ + + + 

Summer 

97 

13 


3.46 

+ + + + 

Summer, premature death 

32 

10.4 

Respiration by suc- 
tion 

3.29 

-f + "i* 4- 

28 

10 

Kespiration by 
pressure 

1.18 

- 


37 

6 

Respiration by 
pressure 

1.28 

- 


41 

7 

Respiration by 
pressure 

1.07 

— 


9G 

11 

Respiration by 
pressure 

1.75 

+ 

Summer. Artificial respiration 
started after first infusion 

73 

8.2 

Continuous air in- 
suflation 

1.19 

- 


66 

8.4 . 

Expiratory valve 

1.92 

+ 

Valve in use all of the time 

72 

12.7 

Expiratory valve 

1.48 

+ 

Valve applied at the end of first 
infusion 

98 

13 

Expiratory valve 

1.42 

+ 

Valve in use all of the time. A^eiy 
hot day. Incomplete infusion 
due to premature death 


monaiy edema, the lung/hody index ranging from 0.8 to 1.21, as it does in nor- 
mal dogs.^ 

The result of various procedures alfecting respiration is shovui in Table I. 

Tracheotomy does not prevent pulmonary edema. Artificial respiration by 
intermittent suction intensifies the edema. On the contrary, artificial respiration 
by either continuous or rhythmic insufflation of air under positive pressure 
inhibits the formation of puhnonaiy edema. Tlie same is true but to a lesser 
degree, when the resistance against which expiration must take place is increased. 

B. ISTEUROGENIC FACTORS 

Methods. — The importance of stimulation of the pressoreceptors of the 
carotid sinus was investigated (a) by mechanically distending the sinus regions 
mthout infusion, and (b) by denenmting the carotid sinuses prior to infusion. 
In addition, some studies were made on the role of the vagus nerve and the 
sympathetic nervous sj^^stem. 

Mechanical Distention of the Sinus: This experiment was performed in 
large dogs under morphine (3 mg. per kilogram of body weight) and chloralose 
(0.1 Gm. per kilogram of body weight) anesthesia by means of a special device 
composed of a thin nreteral catheter at the end of which a small piece of latex 
rubber was fixed by means of ligatures. The catheter was connected to a 
manometer, to a pump Avith a valve, and to a ISIarey tambour, and was intro- 
duced into the cephalic end of the carotid artery to a point judged to be near 
the sinus area. The rubber bulb was then distended. If no change in the 
femoral pressure occurred, the air Avas allowed to escape through the valve and 
the sound Avas pushed 1 to 2 mm. further. After a fcAV attempts a point was 
found where the distention caused a sudden and marked hypotension, coupled 
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with bradycardia and respiratory changes. By the use of two ureteral catheters 
it is possible to stimulate both carotid sinuses at the same time. 

Carotid Denervation : If a short interval or none at all was to be allowed 
before the beginning of the experiment on carotid denervation, morphine- 
urethane anesthesia was used, as described in the original technique,^ and 
asepsis was dispensed with. If an interval of several days was to intervene 
between the denervation and the experiment, nembutal anesthesia was used and 
strict asepsis was adhered to. A ligature placed loosely around the common 
carotid artery provided sufScient traction to bring the bifurcation into view. 
A delicate mouse-toothed forceps was then used to remove the adventitia and 
nerve filaments from the entire carotid sinus area. In some experiments paint- 
ing the sinus area with saturated phenol solution was also carried out. In one 
dog, infiltration with novocaine was used instead of denervation. Further ex- 
periments were made after cutting the vagi and after sympathectomy. 

.. Vagus Section: This procedure was performed in the cervical region. The 
vagus nerve in dogs contains the depressor nerves and also the sympathetic 
trunk between the first cervical and stellate ganglion. Owing to the high posi- 
tion of the first cervical ganglion it is very difficult to isolate the real vagal 
fibers. For this reason the section was made rather low and just before the 
beginning of the infusion. In one experiment, infiltration of the vagi with 1 per 
cent procaine was substituted for vagus section. 

Sympathectomy : Nembutal anesthesia was used and strict asepsis was ad- 
hered to in every case. Intermittent intratracheal insufflation accomplished pul- 
monary ventilation while the animal's chest was open. A 4-inch muscle-cutting 
incision along the third intercostal space was made. Gentle traction was made on 
the stellate ganglion and all rami from it were severed. The posterior parietal 
pleura was then carefully incised and the second, third, and fourth thoracic 
sympathetic ganglia were separated from their respective rami communicantes. 
The chain was removed intact. Hemostasis was secured and the ribs were ap- 
proximated with heavy silk sutures. 

Combined Vagal Stimulation and Intracarotid Infusion : In another type 
of experiment both intact vagi or the central or the peripheral ends of these 
nerves, were stimulated by means of a Harvard inductorium. This stimulation 
was alternated with intravenous infusion of a relatively moderate amount of 
fluid (from 1.2 to 1.8 times the blood volume) administered in three inter- 
rupted periods. 


Table II. Distention of Carotid Sinus by Bubbek Balloons 


SERIAL 
NUMBER OF 
EXPERIMENT 

WEIGHT OF 
THE DOG 
(KG.) 

INTERVENTION 

! CONGESTION 


14A 

23 

Oao sinus 

+ 

- 

15A 

21 

One sinus 

+ + 

+ 

16A 

28.0 

Both sinuses 

+ + 

+ 

17A 

34.5 

Both sinuses 

+ + 

+ 

18A 

36.8 

Both sinuses 

+ 

* 

2GA 

18 

Both sinuses 

+ 

+ 

28A 

22 

One sinus plus slow venous 
infusion 

+ 

■f 
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Residts . — The effects of mechanical distention of the carotid sinus are shown 
in Table II. A more or less pronounced congestion of the lungs was usually ob- 
tained, but no real edema. In some experiments, traces of edema were present 
in one lobe, but this was not comparable to the edema produced by our newer 
method^ of infusion. 

Eesults of denervation of the carotid sinus are shown in Table III. Pul- 
m 9 nary edema was produced in only two dogs out of seven. 


Table HI. Eesult of Standard Carotid Infusion in Dogs With Previously Denervated 

Carotid Sinus 


SERIAL 

NUMBER 

OF 

EXPERI- 
MENT ! 

WEIGHT 
OF THE 
DOGS 
(KG.) 

INTERVEN- 

TION 

INTERVAL 

INDEX 

LUNG/ 

BODY 

EDEMA 

REMARKS 

40 

16.4 

Unilateral 

1 hr. 40 min. 

2.86 

+ + + 


8 

19 

Bilateral 


1.21 

- 

Spring 

26 

27 

Bilateral 

2 hr. 45 min. 

1.09 


Spring. Incomplete 
infusion due to pre- 
mature death 

30 

23.4 

Bilateral 

4 days 

1.06 • 

- 

Spring 

33 

10.4 

Bilateral 

Immediate 

1.28 


Spring. Procaine 
block 

Fall 

114 

11 

Bilateral 

1 hr. 

1.21 


82 

8.2 

Bilateral 

4 days 

1.95 

+ 

Summer 

100 

20 

Bilateral 

Immediate 

1.95 


Summer 


Cutting the vagus nerves or infiltrating them with procaine had no apparent 
influence. Dogs so treated apparently died in the same way as the controls, 
and showed typical pulmonary edema with a high lung/body index. Cutting of 
the vagus nerves prior to venous infusion did not seem to increase the develop- 
ment of pulmonary edema. 


Table IV. Eesults of Sympathectomy 


SERIAL 
NUMBER OF 
EXPERIMENT 

WEIGHT OF 
THE DOGS 
(KG.) 

AMOUNT OF 
INFUSED 
FLUID 

SIDE OF 
OPERATION 

lung/body 

INDEX 

EDE.MA 

SIDE ON WHICH 
THE LUNG IS 
HEAVIER 

23 

12 

2.3 

Eight 

2,20 

+ 

Left 

35 

10.4 

3.5 

Eight 

2.69 

+ + 

Eight 

45 

13.6 

2.6 

Eight 

1.17 

- 

Eight 

74 

10.7 

2.3 

Bilateral 

3 

•f -t 

— 


After unilateral sympathectomy there appeared to be a greater resistance to 
the infusion and a tolerance of greater amounts of fluid (Table IV). On the 
other hand, unilateral lung changes were indefinite. In some experiments the 
weight of the lung on the operated side was greater, while in others, the lung on 
the intact side weighed more. Atelectasis, adhesive pleuritis, or slight unilateral 
pneumothorax on the operated side may have caused these variations. More- 
over, the distribution of sympathetic fibers to the lungs is contralateral as well 
as ipsilateral. 

Stimulation of either the central or the peripheral end of one vagus, the 
other vagus being intact, did not produce pulmonary edema, even when the 
venous infusion amounted to 1.8 times the estimated blood volume. Stimulation 
















2S6 


AatERICAN HEART JOURNAL 


of the Uvo intact vagi during venous infusion of 1.8 times the blood volume vas 
followed by severe pulmonary edema. Stimulation of the peripheral end of the 
cut vagi during a similar infusion caused severe pulmonary edema. Stimula- 
tion of the peripheral end of the cut vagi without venous infusion, done as a con- 
trol, resulted in only slight congestion, of the lungs. Stimulation of the central 
end of the cut vagi during venous infusion caused no pulmonan- edema 
(Table V). 


Table V. SriiiunvTioK of the Vagi 


SERIAL 

NUMBER 

OF 

EXPEEI- 

SIENT 

weight! 

OF THE 
DOGS 
(KG.) j 

SURGICAL 

PROCEDURE 

1 

AilOUNT OP m-1 
JECTED FLUID 
AND RATE OP 
INJECTION 

PRES- 
SURE OP 
INJEC- 
TION 

(Mil. HG) 

rNTERVENTION 

INDEX 

LUNG/ 

body 

EDKiCA 

15 

9 

Procaine 
block of 
vagi 

2.3 

Carotid artery 
toward brain 

260 

- 

1.8 

+ -f 

99 

10.5 

Vagi cut 

2.3 

Carotid artery 
toward brain 

260 

- 

2.9 

+ + -!- 

7 

16 


1.8 

Femoral vein 
toward heart 

100-120 

Electric stimulation 
intact vagi 

2.87 


110 

15 


1.8 

Jugular vein 
toward heart 

100-120 

Electric stimulation 
intact vagi 

2 

++-^ 

103 

26 

Eight vagus 
cut 

1.3 

Jugular vein 
toward heart 

100-120 

Electric stimulation 
cephalic end left 
vagus 

0.9 


111 

7.5 

Vagi cut 

1.8 

Jugular vein 
toward heart 

100-120 

Electric stimulation 
cephalic end both 
vagi 

1,05 


106 

19 

Eight vagus 
cut 

1.3 

Jugular vein 
‘toward heart 

100-120 

Electric stimulation 
cardiac end left 
vagus 

1.11 


112 

115 

9.5 

9 

Vagi cut 

Vagi cut 

1.8 

Jugular vein 
toward heart 

100-120 

Electric stimulation 
cardiac end both 
vagi 

Electric stimulation 
cardiac end both 
vagi 

3.65 

0.83 

-p-i-i-i- 


DISCUSSION 

We had previously demonstrated’ that the rapid intracarotid infusion of 
fluid consistently causes pulmonary edema. The part played by the fluid itself 
when the standai’d technique was used was recognized as impoifant but not 
as predominant. It was necessary, therefore, to investigate the part played by 
the sensitive receptors of tlie cardiovascular apparatus. Since one of the main 
results of the infusion is the distention of the carotid sinus, it is apparent that 
the receptors of this area are very important. 

Prolonged mechanical distention of the sinus regions by means of rubber 
balloons caused severe respiratory and circulatory embarrassment, and oc- 
casionally death. As a result, the lungs showed severe congestion, but only oc- 
casional and slight ndema. This can be attributed to the action of antagonistic 
meclianisras. On tlio one hand, a reflex arising in tlie carotid sinus affects the 
pulmonary vessels by a mechanism which will be discussed later; on the other 
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hand, this reflex causes a tremendous drop in s 3 ^stemic pressure and a decreased 
venous return to the heart, "vvitli the result that a relative ischemia of the 
lungs takes place. 

The mechanisms hy which a carotid sinus reflex miglit cause changes in the 
pulmonarj’" vessels without greatlj’’ lowering the venous return are two: (1) 
distention of the carotid sinus plus artificially increased venous return to the 
heart (both factors are active in our standard method^) ; and (2) distention of 
the carotid sinus plus the action of a chemical substance maintaining a high 
pressure in the pulmonarj’’ circulation. The latter mechanism will be considered 
in a subsequent paper. 

As for the first mechanism, if our assumption is correct, the two main 
factors must both be present: neither carotid smus stimulation alone nor in- 
creased venous return alone will cause pulmonary edema. This has been shown 
to be true. Infusion of fluid alone did not consistent!}* cause pulmonaiy edema 
when given bj’- the standard technique: (a) into vessels other than the carotid 
arteries; (b) into only one carotid artery; (c) into deneiwated carotid artei’ies. 
On the other hand, distention of the carotid sinus did not cause pulnionai'}* 
edema when: (a) there was no infusion, (b) when increase of venous re- 
turn was prevented by simultaneous arterial bleeding. 

In a few experiments moderate pulmonary edema was produced even when 
the infusion was made either into veins or into denervated carotid arteries. 
This occuiTed mainly during the summer. In the first paper of this series it was 
pointed out that in summer dogs have a certain degree of dilatation of the pul- 
monary vessels which is probably connected with the mechanism of panting. 
However, this dilatation does not completelj’’ explain the- results mentioned. We 
believe that these results can be explained onlj* b}’^ admitting that, even if carotid 
sinus reflexes have a paramount importance, other reflexes also plaj^ a part in 
producing the edema. Sensitive receptors are present in the aortic arch,"’ “ 
the venae cavae,^'® the right aiiriele,®’ ' the pulmonaiy veins,®' '• ° the pul- 
monary artery,®’^® the auricles,®’ ® and the ventricles.'^’ ^® All these re- 
ceptors are stimulated by the rapid increase in the volume of circulating 
fluid which takes place in our experiments. However, the aortic receptors are 
stimulated only moderately, since the sj’-stemic blood pressure rises only moder- 
atel}’’. The receptors of the venae cavae are highly stunulated, but for onl}* a 
short time. On the other hand, stimulation of the receptors of the pulmonaiy 
artery is likely to cause a reflex dilatation not only of the peripheral vessels but 
also of the pulmonary vessels.®’ 

The severe and lasting distention of the heart itself also tends to produce a 
lasting stimulation of the ventricular and auricular receptors. The importance 
of these receptors has been emphasized in different types of experiments on 
pulmonar}’- edema, and also by the studies of Hochrein^" which confirmed 
the existence of a cardiopulmonary reflex which brings about a dilatation of 
the pulmonary vessels. 

Therefore we believe that the following factors should be considered in 
studying the pathogenesis of pulmonary edema: (a) mechanical distention 
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of the lung vessels due to fluid injected into the circulation; (b) changes of 
the lung .vessels due to reflexes arising in the carotid sinus; and (c) changes 
of the lung vessels due to reflexes arising in the other parts of the cardio- 
vascular apparatus, mainly in the heart itself.® 

We believe that the role played by seasonal and temperature changes is 
due only in part to congestion of the lungs which is already present. The other 
and more important factor is a higher excitability of the nerve centers. This 
voU favor the development of pulmonary edema by causing more intensive re- 
flexes when all the cardiovascular receptors are stimulated and ivill more readily 
produce cardiopulmonary reflexes after denervation of the carotid sinus. 

Mechanical distention due to fluid alone might undoubtedly be pushed to a 
point where pulmonary edema would occur with great frequency, tvhatever the 
route of injection. However, even were the amount of injected fluid tre- 
mendously increased, a large percentage of the dogs would die from acute 
heart failure without pulmonary edema, as our experiments liave shown. It must 
be concluded, therefore, that the amount of fluid required for intracarotid in- 
fusion by our standard method is insufficient of itself to produce pulmonarj^ 
edema; and that either vasomotor or permeability changes of, the lung vessels 
are necessary factors for the production of the edema. 

Our assumption is based partly upon the' result of experiments made with 
denervation of the carotid sinus, partly upon those made by injection into 
veins, and partly upon pharmacologic experiments, which will be reported in a 
subsequent paper. Surgical intervention on the carotid sinus is easy. On the 
other hand, operation bn other receptors is impractical.f This is why, after 
ascertaining the importance of the afferent pathway from carotid sinus to central 
nervous system, we tried the section of nerve fibers only in the efferent part 
of the reflex arc. 

It is knuwn that the carotid sinus reflex is based upon two different 
arcs: (a) a carotido-eardiac reflex "with the efferent pathway by way of the 
vagus nerves,^® which retards the cardiac action; and (b) a carotido-vascular 
reflex with the efferent pathway through the sympathetic system^®'^® which 
dilates the peripheral vessels. 

In spite of the fact that knowledge about the vasomotor innervation of the 
pulmonary vessels®^ is still incomplete, it has been sho'wn that a earotido-pul- 
monary reflex exists, and that its efferent pathway is through the sympathetic 
system.®’ For this reason we tried to sever the puhnonary connections of 
the sympathetic ganglia on one side. This resulted in a greater resistance to 
the development of pulmonary edema, which was demonstrated by the small 
amoimt of foam present when greater than standard amounts of fluid were in- 
jected.f The uncertain result of the comparative study of the operated and in- 
tact side is hot surprising when one considers the possibility of local causes of 

•Extreme bradycardia has to he considered only In those experiments -where the distention 
of the carotid sinus -was not accompanied by Infusion. 

tThe denervation of other organs can he accomplished only with open thorax. Artlflclal 
respiration necessary in this procedure Inhibits the development of edema. 

^Bilateral stellate ganglionectomy -R-as performed on two dogs subsequent to the Prepara- 
tion of this manuscript. The pleural cavity was not entered. Of the two dogs, one naa ine 
average pulmonary edema which may have hcen favored by a severe bradycardia during me 
infusion periods. The other dog had a minimal foam and an Index of 1.3. 
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error, the multiplicity of nerve fibers, and the fact that sympathetic fibers going 
to the lungs are partly ipsilateral and partly contralateral. 

Stimulation of nerve fibers which are anatomically sympathetic may 
favor the edema in two different ways: (1) by causing dilatation of the ca- 
pillaries (it should be remembered that sympathetic vasodilators are cholin- 
ergic^®) ; and (2) by directly increasing the permeability of the capillaries, in- 
dependent of changes produced in the caliber of the vessels. This fact has been 
demonstrated in the case of the knee joint and was thought to be probably true 
for the lungs as well.^®’ 

Nerve Centers 



Fig. 1. — Diagrammatic representation of the mechanical and ner\’^ous factors which combine to 
produce the pulmonary edema experimentally induced by Intracarotid infusion. 

Cutting the vagus nerves, which has been found to increase pulmonary edema 
produced by venous infusion in cats and rabbits, did not increase pulmonary' 
edema in our dogs. It likewise did not prevent the production of pulmonary 
edema by intracarotid infusion. 

Stimulation of either the intact vagi or the peripheral end of the cut vagi 
caused pulmonaiy edema when the procedure was alternated with venous in- 
fusions. We are inclined to attribute this favoring action of the nervous stimu- 
lation to the resulting tremendous bradycardia, which at times approached 
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asystole. It is kno-syn that bradycardia favors congestion of the pulmonary 

The importance of glottis spasm and possible bronchospasm in favoriun- 
pulmonai^’' edema has been kept in mind. "We have frequently seen spasm of 
the glottis^ accompanied by two or thi'ee deep abortive gasps which caused 
severe suction on the alveolar wall and on the wall of the lung capillaries. E.x- 
periments with rh3d;hmic suction exerted on the trachea have shown that tliis 
leads to early and intense edema. Hoivever, even if spasm of the glottis favors 
the edema, it is not the main factor involved since tracheotomy does not diminish 
the edema. It is difficult to evaluate bronchospasm which is detected by auscul- 
tation, as a cause of a similar suction during inspiration. 

The importance of the pressure existing in the bronchi and alveoli was first 
demonstrated in adrenalin-produced pulmonary edema,®®'®® then in pulmonary^ 
edema produced by ligature of the aorta,®® and later in pulmonaiy edema caused 
by poison gas.^® Our experiments have shown that either a rhythmic or a con- 
tinuous increase of intratracheal pressure leads to inhibition of the edema. As 
our type of experimental edema is comparable to the extremely sudden and 
lethal type of human pulmonary edema, our experiments confirm the opinion 
that positive pressure may be useful in this syndrome.®®' The action of the 
expiratory valve is probably more of a factor in experimental animals, which 
are strong and vigorous, than in patients, whose expiratory muscles may be 
unable to overcome the obstacle. 


SUMMARY 

The part plaj'-ed by mechanical and neurogenic faetoi-s in pulmonary fdema 
experimentally produced in dogs by the use of a standard teclmique has been 
investigated. The basis of this standard technique is the rapid, intemipted 
infusion of saline solution into the carotid arteries toward the brain. 

1. The quantity of injected fluid may be considered as submaximal, in the 
sense that, Avhile the fluid favors the development of edema by distending the 
pulmonary vessels, the amount of fluid administered is insufficient of itself to 
produce edema. 

2. The importance of specific receptors of the cardiovascular apparatus has 
been demonstrated. Their stimulation causes a reflex leading to increased per- 
meability of the pulmonary capillaries, and favors the development of edema if 
these vessels are already distended. The problem of whether the reflex causes 
first a dilatation of the vessels, or whether its effect is the result of a direct in- 
crease of permeability needs further study. The most important among these 
reflexes is the carotido-pulmonary reflex whose afferent pathway to the central 
nervous system is through the glossopharyngeal nerve, and whose efferent path- 
way to the lungs is through fibers which are anatomically part of the sympathetic 
system. Another important reflex is that elicited by distention of the heart 
chambers. A third reflex, whose importance cannot yet be measured, is the pul- 
monary artery-pulmonary ve.sscls reflex. All these reflexes are able to cause 
pulmonaiy^ edema when a submaximal quantity of fluid, in itself insufficient to 
produce edema, is injected into the circulation. 
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3. Deeper understanding of the mechanism can be obtained only by using 
drugs either to enhance or to inhibit the edema, and by studjdng by means of 
biologic assay the properties of both the blood and the edema fluid. 

• 4. Electrical stimulation of either the cardiac end of the cut vagi or the 

intact nerves favors pulmonary edema by causing extreme bradycardia. This 
factor, however, does not play any role in the experiments of infusion with 
standard technique. 
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PAHOXYSMAL PULISIONARY EDE]\IA CONSEQUENT TO 
STiaiULATION OP CAPDIOVASCULAR RECEPTORS 

III. Pharmacologic Experdments 

Aldo a. Luis ad a, M.D., and Stanley J, Sarnoff, M.D. 

Boston, ]\Iass. 

A new method for inducing acute pulmonary edema in dogs has been de- 
^ scribed in previous publications.^* ^ The method is based upon the rapid 
intracarotid infusion of physiologic salt solution cephalad. A quantity of 
fluid equivalent to more than twice the estimated blood volume of a dog is in- 
jected within twenty minutes, in three separate portions, at a pressure of 280 
to 300 mm. of mercury. This method almost always results in the production 
of very severe pulmonary edema (nine out of ten dogs in the control series 
showed severe pulmonary edema). Different types of fluid, including Ringer’s, 
Tyrode’s, bovine albumin solution, and dog blood were successively studied. 
It has also been shown that infusion into other vessels by the same technique 
does not cause pulmonary edema vnth the same consistency as does infusion into 
the carotid arteries.® 

In a former communication® the relation of different mechanical and neu- 
rogenic factors to pulmonary edema were studied. The beneflcial action of 
artificial respiration under positive pressure was demonstrated. The most strilc- 
ing procedure for the prevention of edema of the lungs was denervation of the 
carotid sinuses prior to the infusions. Cuttiug of the vagus nerves did not 
change the outcome. The conclusion reached was that acute pulmonary edema 
caused by the rapid intracarotid infusion of physiologic solutions is a syn- 
drome which is only indirectly caused by the flooding of the circulatory system. 
The quantity of fluid introduced is submaximal and does not per se produce 
pulmonary edema. The increased fluid volume does place a heavy strain on the 
organs of the circulatory system and initiates multiple reflexes. Among these, 
a carotid sinus-pulmonary reflex is of paramount importance. A cardiopul- 
monary reflex is also significant. The afferent stimuli follow different routes; 
the efferent stimuli reach the lungs along sympathetic fibers. 

It was thought that pharmacologic experiments might yield additional in- 
formation as to the mechanism of this type of experimental pulmonary edema 
mnd also suggest the best treatment of this paroxysmal syndrome. These ex- 
' iieriments are the subject of this paper. 

Previous investigation of the treatment and prevention of acute pulmonar}^ 
edema has been chiefly through clinical studies. A review of these studies was 

Prom the Surgical Research Lahorator>’, Beth Israel Hospital and the Lahoratory of 
Pharmacology', Tufts College liledical School, Boston, Massachusetts. The study "was aided by 
grants by Ci’ba Pharmaceutical Products, Inc., and Hoffman-La Roche Inc. Presented In part 
before the New England Heart Association, Boston, Jan. 29, 1045. 
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publisiied in 1942 by one of the authors (A. A. L,).^ In 1928, one of the authors 
(A. A. L.) systematically studied treatment of pulmonary edema induced in rab- 
bits by the intravenous injection of a massive dose of adrenalin.® There followed' 
a study by Antoniazzi® on the pulmonary edema of rabbits caused by ligation of 
the aortic arch. Sporadic experiments were made by Brunn/ using luminal, and 
b 3 '' Farber,® using atropine. 


Table I 


DKUG 

SOLUTION 

(%) 

DOSES 

(MG./KG.) 

REMARKS 

Morphine sulfate 

1-6.5 

3-32 


Sodium phenobarbital 

2 

25-100 

- 

Sodium barbital 

5 

100-350 

- 

Chloral hydrate 

5 

150-290 

- 

Atropine sulfate 

0.01-0.1 

0.04-0.8 

- 

Scopolamine hydrobromide 

0.1 

0.3-0.5 

- 

Demerol, Winthrop 

1 

25-40 

- 

Syntropan, Eoche 

0.5 

1.5-2 

- 

Trasentine hydrochloride, Ciba 

5 

2.5-3 

- 

Papaverine hydrochloride, Lilly 

15-50 

5-30 

- 

Curare (Intocostrin, Squibb) 

0.5-1 

1.35-1.8 

- 

Sodium nitrate 

5 

60 

- 

Acetyl-fl-methylcholine (Mecholyl, 

1 

0.14-1.5 

- 

Merck) 

Physostigmine hydrocliloride 

0.1 

1-4 

High doses only in as- 

Prostigmine, Eoche 

0.1 

0.05-1 

sociation witli at- 
ropine 

High doses only in ns- 

Procaine, Abbott 

Nupercaine, Ciba 

5 

20-100 

sociation with at- 
ropine 

0.06 

1,6 

- 

Ergotamine tartrate (Gynergen, 

0.1 

0.2-0.4 


2-diethylamino-ethyl-l,4-benzodi- 

oxan (883 E — Soc. Parisienne 
Expans. Cliim.) 


4.5-9 


Quinine dihydrochloride 

5 

25-70 

- 

Mcrcupurin, Campbell 

10 

10 

In association witli 

Aminophylline, Searle 

5 

54 

aminophylline 

Pitressin, Parke-Davis 


2.7 units 

- 

Adrenalin hydrochloride (Supra- 

0.01-0.00001 

0.3-0.5 

- 

renalin, Armour) 

Metrazol, Bilhuber-Knoll 

10 

20 

- 

Coramine, Ciba 

25 

30 

- 

Cedilanid, Sandoz 

... 

0.5 (cat units) 

- 

Digiglusin, Lilly 


0.5 (cat units) 

- 

Strophosid, Sandoz 

— 

0.33-0.36 (cat 
units) 



TECHNIQUE 

The present study was made on 98 mongrel dogs. The technique of in- 
fusion into the carotid arteries is that described previously.^ The fluid used in 
these experiments was 0.85 per cent sodium chloride solution. The injection of 
drugs was nearlj’’ alwaj's made into an exposed jugular vein. Exceptions wil 
be reported in the sections dealing with the results. In nearly all experiments 
the anesthesia was that previously described^ and called “standard”; namely, 
morphine sulfate (3 mg. per Idlogram of body w^eight), injected subcutaneously, 
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and urethane (1 to 1.3 Gm, per Idlogram of body weight), given by stomach tube 
thirty to sixty minutes later. The relatively small number of experiments per- 
formed "with each drug allowed definite conclusions because of the fact that 
physiologic salt solution, infused by the technique described, almost without 
exception produced severe pulmonary edema in control animals.^ 

RESULTS AND COMMENTS 

Hypnotics . — ^Animals given large doses of morphine prior to the infusion 
differed markedly from the controls, which in accordance "with the standard 
technique were given only three mg. of morphine suKate per Idlogram of bodj’’ 
weight. After large doses of morphine the dogs subjected to infusion gave 
evidence of only mild dyspnea and showed no agitation and no spasm of the 
glottis. The lung/body index^" was only slightly increased, and only a trace of 
foam was found in the dependent lobes of the lungs (Table II). Therefore, 
morphine is of definite value in preventing pulmonary edema induced by this 
standard technique, even if not completely successful. 


Table II. Hypnotics 


NO. 

DRUG USED FOR 
ANESTHESIA 

HYPNOTIC IN MG./KG. 

AND ROUTE 

LUNG/BODY* 

'index 

GRADE i OF 
EDEMA 

12 


Morphine, 30 subcutaneous and in- 
travenous 

1.40 

+ 

120 

Urethane, standard t 

Morphine, 30 subcutaneous and in- 
travenous 

1.34 

+ 

13 

Morphine, standard^ 

Phenobarbital, 59 intravenous 

1.63 

+ 

121 

Morphine, standard 

Phenobarbital, 100 intravenous 

1.06 

(Incomplete 

infusion) 


125 

Morpliine, standard 

Phenobarbital, 70 intravenous 

1.05 

- 

6 

Morpliine, 10 mg./kg. 

Phenobarbital, 25 intravenous 

1.25 

- 

152 

Morphine, 15 mg.Ag- 

Phenobarbital, 40 intravenous 

1.08 

+ 

24: 

Morpliine, standard 

Barbital, 220 intravenous 

1.35 

- 

29 

Morphine, standard 

Barbital, 100 intravenous 

2.68 

+ -1 T 

122 

Morphine, standard 

Barbital, 350 intravenous 

1.25 

- 

153 

Morphine, 16 mg.Ag- 

Barbital, 125 intravenous 

1.20 

- 

123 

hlorphine, standard 

Chloral hydrate, 230 intravenous 

1.38 

- 

124 

Morphine, standard 

Chloral hydrate, 230 intravenous 

1.11 

- 

154 

Morphine, standard 

Chloral hydrate, 290 intravenous 

0.96 

- 

151 

hlorpliine, 13 msr.Aff. 

Chloral hydrate, 150 intravenous 

1.75 

+ -f 

187 

Morphine, 8.5 mg-Ag- 

Chloral hydrate, 200. intravenous 

1.20 

+ 


*The lung/body index is the ratio of lung weight in grams to body weight in kilograms. 

tThe severity of the edema is graded from + to + + + + on the basis of the lung/body index 
and of the amount of foam.- 

tStandard doses used for anesthesia have been given under "technique.” 

Next, two barbiturates, phenobarbital and barbital, were studied. The 
sodium salt of each was given intravenously. Owing to the narcotic action of 
these drugs, we dispensed with the use of urethane. Both drugs completely pre- 
vented edema in four of six dogs. The fifth dog showed only a trace of edema, 
and the sixth, which exhibited more edema, had received a much smaller dose 
of barbital. None of the dogs had .severe dyspnea, and in some experiments 
the hmg/hody index was normal. The combination of morphine with barbitu- 
rates, which was tried in three additional experiments, with similar positive 

•The Inng/hody index is the ratio of lung weight In grams to body weight In kilograms. 
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residts, aUowed a marked decrease in the dose of barbiturates. It was found 
that the optimal dose of the single drugs per kilogram of body weight was about 
70 to 100' mg. of sodium phenobarbital and 220 to 300 mg. of sodium barbital. 

Doses of 230 to 300 mg. of chloral hydrate per kilogram of body weight 
completely prevented pulmonary edema in four of five dogs. Combination of 
this drug with morphine was also successful if the dose of chloral hydrate was 
not decreased too much. Chloral hydrate ^vas interesting because it was ef- 
fective in amounts which are comparable to those used clinically. 

We used hypnotics in experiments on sixteen dogs. In spite of the vary- 
ing doses which we used in seeking the optimum, severe pulmonary edema de- 
veloped in only one dog, mild pulmonary edema developed in a second,. and 
minimal edema developed in five more. That nine of the sixteen animals had no 
trace of edema is striking when compared Avith the very high percentage of an- 
imals in the control series® (approximately nine-tenths) which showed severe 
pulmonary edema. 

Local Anesthetics . — ^Procaine was injected in doses of 30 to 60 mg. per 
kilogram of body weight either subcutaneously or by intracarotid or intra'- 
jugular injection. When the subcutaneous route was used, part of the dose was 
injected before and part between the infusions. The results of early experi- 
ments seemed satisfactory, but in later experiments the outcome was inconstant. 
Five out of 13 dogs died of severe pulmonary edema, three had high lung/body 
indices, with almost no foam, and three had no edema (Table III). It was con- 
cluded that some of the properties of procaine were useful, but that others 
promoted the edema. Depression of the excitability of the pressoreceptors 
should help in preventing this type of experimental pulmonary edema. Two 
actions of local anesthetics which most often promote the edema are ; (a) sensi- 
tization of the vessels to the action of adrenalin and (b) stimulation of the cortex 
of the brain. 


Table m. Local Anesthetics 


SERIAL 

NUMBER 

OF 

EXPERI- 

MENT 

DEUQ 

ROUTE OF 
ADMINISTRA- 
TION 

DOSE 

(mo./kg.) 

ASSOCIATE DRUG 
AND DOSE 

(mg./eg.) 

INDEX 

LDNO/BODT 

grade OF 

EDEMA 


Procaine 

Subcutaneously 

30 

- 

1.68 

+ 

63 

Procaine 

Subcutaneously 

60 

- 

1.29 


69 

Procaine 

Subcutaneously 

60 

- 

2.9 

+ + + 

70 

Procaine 

Subcutaneously 

40 

- 

4.35 

+ + + + 

71 

Procaine 

Subcutaneously 

32 

- 

1.34 

*~ 

75 

Procaine 

Subcutaneously 

30 

- 

1.89 


76 

Procaine 

Subcutaneously 

60 

Ergotamine tar- 
trate, 0.3 

2.52 

+ + + 

■ 131 

Procaine 

Intracarotid 

100 

- 

1.41 

+ 

132 

Procaine 

Intracarotid 

60 

Morphine sulfate, 
10 


Early death 

133 . 

Procaine 

Intravenous 

60 

- 

1 

— 

134 

Procaine 

Intravenous 

60 

- 

2.4 

++++ 
Early death 

135 

Procaine 

Intravenous 

20 

Sodium barbital, 

70 


162 

Procaine 

Lumbar 

2.5 

3.66 

+++ + 

171 

Nupercaine 

Subcutaneously 

1.6 

- 

4.1 

+ + + 4* 
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The addition of either ergotaraine, barbital, or morphine to the procaine did 
not seem to affect the results. The fact that all early deaths were accompanied 
by convulsions confirmed the impression that cortical stimulation was present 
and that the tolerance of the brain centers to the abnormal conditions imposed 
by the high pressure infusions was decreased. The convulsions were more 
severe when the injection of the drug was intravascular than when it was sub- 
cutaneous. In one experiment with spinal anesthesia, the edema was severe. 
Nupercaine, tried in another experiment, did not prevent severe edema from 
occurring. 

Autonomic Blocking Drugs . — Atropine was first investigated. Five ex- 
periments were performed, with doses varying between 0.04 mg. and 0.8 mg. 
per kilogram of body weight. The outcome was consistently poor. The animals 
had more severe pulmonary edema than usual, so that the lungs weighed from 
three to five times more than normal. The combination of atropine and morphine 
was used in two experiments. This combination prevented pulmonary edema 
in one dog, but was not effective in the second animal (Table TV). Although 
the substitution of scopolamine for atropine, in doses varying between 0.3 mg. 
and 0,75 mg. per kilogram body weight produced somewhat better results, the}^ 
were not comparable to those attained with other more beneficial drugs 
(Table IV). 

A comparison of the effects of the various drugs leads one to attribute the 
poor results in the atropinized dogs mainly to drug stimulation of the nerve 
centers, which favored the functioning of reflexes. It might also be mentioned 
that after the administration of atropine, sympathetic reflexes became more 
active. In the light of the experimental results mentioned, the beneficial in- 


Table rv. Autonomic BLOwaNO Drugs 


SERIAL 

NUMBER 

OP 

EXPERI- 

MENT 

DRUG 

DOSE 

(MG./KO.) 

ASSOCIATE DRUG 
AND DOSE 
(MG./KQ.) 

INDEX 

LUNG/BODY 

GRADE or 

edema 

9 

Atropine 

0.8 

Morpliine, standard 

4.63 

+ + + + 

21 

Atropine 

0.3 

Morphine, standard 

4.92 

++++ 

87 

Atropine 

0.04 

Morphine, standard. 

1.98 

+ + 

116 

Atropine 

0.05 

Morphine, 15 

1.26 


. 117 

Atropine 

0.05 

Morphine, 15 

3.33 

+ + + + 

144 

Scopolamine 

Scopolamine 

Scopolamine 

Ergotamine 

Ergotamine 

0.5 

Morphine, standard 

1.53 

+ 

146 

0.75 

Morphine, standard 

2.75 

+ + + 

147 

0.3 

Morphine, standard 

1.90 

' + + + 

42 

0.2 

^Morphine, standard 

1.92 

+ 

47 

0,4 

Morphine, standard 

1.93 

+ 

48 . 

Ergotamine 

0.3 

Morphine, standard, 
and atropine, 0.25 

1.80 

*f “f 

20 

883 F 

9.0 

Morphine, standard 

1.24 

Incomplete infusion 

36 

883 P 

8.0 

Morphine, standard 

1,0 

+ 

49 

883 F 

4.5 

Morpliine, standard^ 
and atropine, 0.3o 

3,27 

+++ + 

14 

Curare 

(Intocostrin) 

1.8 

Morphine, standard 

1.4 

Artificial respiration 

79 

Curare 

(Intocostrin) 

1.6 

Morphine, standard 

1.7 


326 

Curare 

(Intocostrin) 

1.35 

Morphine, standard, 
and nembutal, 4.5 

1.29 

•f 
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fluence of atropine in human pulmonary edema^ should certainly be questioned. 
As far as the mechanism of the attack is concerned, the above experiments show 
that vagus stimulation is not one of the direct causes of the edema and may even 
counteract those stimuli which more directly favor the increased permeability 
of the lung vessels. Among the vagal reflexes which may normally protect the 
lung vessels, the pulmonaiy hemodynamic reflex^®'” is probably the most im- 
portant. 

Two sympatholytic drugs were tried, ergotamine tartrate and 883 Poumeau 
C2-diethylamino-ethyl-l,4-benzodioxan).22 Both acted favorably in the type of 
pulmonary edema which we are studying. It is interesting to note that dogs 
treated vdth ergotamine developed very little foam, though their hmg/hodij 
index was rather high in comparison' to that of normal dogs. On the contrary, 
883 Poumeau seemed to prevent both the formation of foam and the high index 
(Table IV). 

Both drugs may cause premature death of the animals during the infusion 
because of the extreme bradycardia which may progress to cardiac standstill. 
Kno-wing that severe bradycardia per se favors lung congestion,® one may ask 
whether this fact alone can explain the high index. The addition of atropine 
did not improve the results, and in one experiment produced poorer results. 
However, since the poor results of atropine are probably due to central stimula- 
tion, this fact is not surprising. 

Curare gave excellent results when used in large amounts. However, the 
use of this drug required positive pressure artificial respiration, which alone is 
sufficient to prevent this type of pulmonary edema. A smaller dose of curare 
produced fair results. An even smaller dose in combination with a small dose 
of nembutal® produced good results. We have concluded that curare helps to 


Table V. Antispasmodic and Depressant Drugs 


SERIAI/ 

NUJIBEP. 

OF 

EXPERI- 

MENT 

DRUG 

DOSE 

(MG./KG.) 

ANESTHESIA 

1 

INDE.X 

LUNG/EODY 

GRx\DE 

OF 

ede.m:a 

1 REilARKS 

I 

172 

Papaverine 

15 

Standard 

2.1 


- 

176 

Papaverine 

30 

Standard 

2.7 

+ + + 

- 

158 

Papaverine 

5 

Standard 

1.16 

- 

- 

137 

Demerol 

40 subcutaneous 

Urethane 

standard 

— 


Premature death 

138 

Demerol 

30 subcutaneous 

Urethane, 

standard 

0.9 

+ + 

Abdominal hem- 
orrhage 

139 

Demerol 

25 intravenous 

Standard 

1.74 

++ 

- 

136 

Syntropan 

2 intravenous 

Standard 

- 

- 

Premature death 

140 

Syntropan 

1,5 intravenous 

Standard 

1.17 

- 


141 

Syntropan 

Trasentine 

1.5 intravenous 

Standard 

1.96 

++ 

— 

179 

3 intravenous 

Standard 

1.04 


- 

182 

Trasentine 

3 intravenous 

Standard 

1.11 

+ 

— 

186 

Trasentine 

2.5 intravenous 

Morphine 
mg. 10 Ag. 

2.12 

+++ 


39 

Quinine 

Quinine 

70 

Standard 

2.7 

■f 4* + 


143 

25 

.Standard 

2.51 

4"f + 



•Nembutal and curare have a synergistic action as far as the central nervous system Is 
concerned.® 
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prevent pulmonary edema, probably because the central and gangliar depres- 
sion produced by this drug limits the intensity of the reflexes. Further studies 
with curare will be reported upon later. 

Antispasmodic aiid Depressant Drugs , — ^Papaverine did not seem to exert 
any beneficial action in preventing pulmonary edema in our experiments. How- 
ever, since a combination of papaverine and morphine gave good results, it is 
possible that papaverine may enhance the favorable action of morphine. 

Demerol did not seem as valuable as morphine. A large dose of demerol 
caused premature death from tonicoclonic contractions of the muscles as soon 
as the infusion was started; smaller doses, on the other hand, did not prevent 
the pulmonary edema. We had the impression that demerol stimulated the 
brain centers, and mainly the respiratory center, an action which favors the 
onset of pulmonary edema. Sjoitropan gave better results than demerol, but 
tonicoclonic contractions, which give evidence of cortical hyperexcitability, were 
again observed. 

Trasentine seemed the best of the series. We had favorable results in two of 
three experiments. Quinine, on the contrary, did not confer any protective 
effect. 

Table VI. Autonomic Stimulating Dkugs 


SEMAli 

number 

OP 

EXPERI- 

MENT 

DRUG 

DOSE' 

(MG./ 

KG.) 

ROUTE OP 

FLUID INFUSION 

AMOUNT OF 
FLUID AS COM- 
PARED WITH ES- 
TIMATED BLOOD 
VOLUJIE* 

INDEX 

LUNQ/BODT 

GRADE 

OP 

EDEMA 

18 

Mecholyl 

1 

Femoral veins 

2 

1.66 

+ + + 

184 

Mecholyl 

0.14 

Carotid arteries 

2.3 

3.77 

+ + + + 

22 

Physostigmine 

1.2 

Carotid arteries 

1 

2.62 

+ + + + 

156 

Adrenalin 

0.5 

One carotid artery 

2.1 

4 

+ + + + 

161 

Adrenalin 

0.5 

One jugular vein 

2.3 

1,61 

+ + 

163 

Adrenalin 

0.4 

Jugular veins 

2.3 

1.89 

+ + + 

170 

Adrenalin 

0.3 

Carotid arteries 

2.3 

4 

+ + + + 


♦The blood volume was estimated as equal to 10 per cent of the body weight. 


Autonomic Stimulating Drugs . — In our experiments, drugs stimulating the 
parasympathetic system either directly, like mecholyl, or indirectly, like 
physostigmine, caused early death during the infusion, by producing cardiac 
standstill. This was not surprising, since intracarotid infusion under high 
pressure stimulates the pressoreceptors of the carotid sinus. If no drug is 
given, slowing of the heart rate because of the carotid sinus reflex is soon com- 
pensated for by the antagonistic Bainbridge reflex, which distention of the 
large veins initiates by the infused fluid. When, on the contrary, either an 
acetjdcholine-lilce substance (mecholyl) or a substance which inhibits the cholin- 
esterase (physostigmine) is acting, the effects of stiniulatin of the vagus nerve 
are increased and the intracarotid infusion is followed by a severe bradycardia 
and even by early death from pulmonary edema. The use of either drug leads 
to pulmonary edema even when venous infusion is used. This is easily ex- 
plained, because stimulation of the peripheral end of the vagus nerve during 
venous infusion also consistently leads to pulmonaiy edema. This fact has 
already been discussed,* and it was observed that the favoring element is brady- 
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cardia, a hemodynamic factor wliich leads to dilatation of the pulmonary vessels. 
Consideration of direct action of acetylcholine in promoting edema of the lungs 
cannot be excluded, for, ivhen injected intradermally, acetylcholine forms '"a 
wheal. However, experiments using, physostigmine in combination ivith atropine 
disprove tliis hypothesis. 

Adrenalin promotes the production of pulmoUaiy edema by our standard 
method. This was proved by the fact that either addition of the drug to the 
fluid or its intravenous injection in graded doses led to an enormous formation 
of foam and to yery high lung/body indices, hloreover, addition of adrenalin 
to the fluid led to pulmonary edema when infusion was made into the jugular 
veins. Adrenalin promotes increased venous return in dogs through dilatation 
of the hepatic veins.®®' This increased venous return, together ivith the stimu- 
lation of the myocardium and the increased peripheral resistance also caused 
by adrenalin, raises the pressure in the pulmonary vessels and dilates them. 
Stimulation of both the aortic and the carotid pressoreceptors in the intervals 
between infusions will increase the intensity and the duration of those reflexes 
which favor the development of pulmonary edema. On the other hand, if the 
distention of the ventricles favors the production of edema through reflexes, 
adrenalin may slightly counteract this part of the mechanism by stimulating 
the myocardium. It is further to be noted that if stimulation of the sympa- 
thetic nerves increases the capillary permeability, as recent studies indicate,®® 
injection of adrenalin should produce the same result. 

Hyper- mid Hypotensive Drugs, Diuretics . — Experiments with sodium ni- 
trate, a drug exerting a hypotensive and vasodilating action, resulted in a mildly 
beneficial action. The lung/liody index was rather high in two out of three 
experiments, but the foam was scanty in all three (Table VII). This result may 
be attributed to a decrease of the venous return due to extreme dilatation of the 
peripheral arteries. The same action in moderating the seveiity of the edema 
was not developed by arainophylline, a vasodilator and diuretic drug, even when 
Mercupurin, a mercurial diuretic, was added (Table ^HI). The difference be- 


Table VII. Hyper- axd Hypoteksive Dp.ugs : Diuretics 


serial ' 

KUIIBER 

OF 

EXPERI- 

MENT 

1 

DRUG 

DOSE 

(MG./KG.) 

WAY OF FLUID 
INFUSION 

AMOUNT OF 
FLUID AS COM- 
PARED WITH ES- 
TIMATED BLOOD 
VOLUME 

INDEX 

l,UNG/BODY 

GRADE 

OF 

EDEifA 

157 

Sodium nitrate 

60 

Carotid arteries 

2.3 

1.67 

-f 

160 

Sodium nitrate 

40 

Carotid arteries 

2.3 

1.65 

+ 

180 

Sodium nitrate 

40 

Carotid arteries 

2.3 

1.21 

4- 

168 

ATetrazol 

20 

Carotid arteries 

2.3 

1.6 

-i-+ 

169 

iletrazol 

20 

Carotid arteries 

1.0 

Early death 

2 

-fi + 

174 

Coramine 

30 

Carotid arteries 

■ 2.3 

2.3 

■f -f"f 

173 

Aminophylline 

54 

Carotid arteries 

2.3 

1.88 

•f i 

178 

Aminopliylline 
plus mercu- 

50 

Carotid arteries 

2.3 

2.1 

f i -f 

181 

purin 

Pitressin 

2.7 

Uiuts 

Carotid arteries 

1.65 

4 

+ 4 4 -f' 
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Table VIII, Drugs Stimulatixg the llyocARniUM 


serial 
number op 
experiment 

DRUG 

DOSE (CAT units 
. PER KG.) 

INDEX 

LUNG/BODY 

GRADE OF EDEMA 

142 

Strophosid 

0.36 

1.24 

+ + 

175 

Strophosid 

0.33 

1.6 

+ 

177 

Strophosid 

0.33 

3.79 

X ^ X i 

145 

Cedilanid 

0.5 

3.75 

+++ + 

159 

Digiglusin 

0.5 

2.22 

-f ++ 


tween the action of sodium nitrate and that of aminophyUine may be explained 
by the facts that aminophylline is a stimulant of the central nervous system and 
exerts special action on the medulla, and that it stimulates also the chemore- 
ceptors of the carotid and aortic bodies. 

Metrazol and coramine did not seem to affect the outcome of the experiment, 
except for tlie fact that doses which were too large caused early death during 
the infusion (Table VII). Both drugs stimulate the nerve centers and especially 
the respiratory center. 

Pitressin was tried in one experiment, which resulted in early death and 
enormous pulmonary edema. Even though pitressin ma}’’ decrease both the 
caliber and the permealiility®^ of the lung capillaries, its effect is not sufficient 
to prevent pulmonarj'- edema. It is apparent that the peripheral constriction of 
the capillaries of the greater circulation and the decreased filtration of fluids 
into the tissues of the body and into the serous cavities caused by pitressin more 
than offset anj’" favorable action of this drug. The depressive action of pitressin 
on the diuresis may also be expected to act unfavorably. 

Drugs Stimulating the Myocardium, — We performed three experiments with 
a strophanthin preparation, strophosid, and two with two different digitalis 
preparations, cedilanid and digiglusin. The drugs were injected intravenously 
before cannulation of the arteries, i.e., about thirty minutes before the beginning 
of the first infusion. Digitalis preparations did not affect the outcome. 
Strophanthin seemed to exert a slightly beneficial action in preventing pul- 
monary edema. One of three dogs had a low lung/body index and one had 
relatively scanty foam. This result may be attributed to the fact that digitalis 
and digitalis-like glycosides stimulate the myocardium and decrease the disten- 
tion of the ventricles when these are submitted to a severe strain. We have ob- 
served that ventricular distention may be consideerd as a secondary cause of 
the tjTpe of pulmonary edema we are studjdng, because it stimulates the ven- 
tricular receptors. Therefore, it seems logical that strophantliin would have a 
slightly beneficial action in preventing puhnonary edema. Should pulmonary 
edema be caused by failure of the left ventricle, a much more striking result 
would take place. The difference in action between the glycosides of stroplian- 
thus and those of digitalis is due to the fact that the former acts much more 
quickly. 

Pliysostigmine or Prostigminc in Association With Protective Drugs . — 
As described in a previous paragraph, physostigmine promotes the development 
of the type of experimental pulmonarj" edema which we are studying. How- 
ever, if atropine is added to physostigmine, the result is reversed (Table IX). 
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Of three dogs, two developed no pulmonary edema, and one (in the summer) 
had only a slight trace of foam.® The most probable explanation of these re- 
sults is the following . (a) Physostigmine, used alone, produces pulmonary 
edema by causing extreme bradycardia and asystole, (b) If the bradycardia 
is prevented by atropine, the physostigmine is free to exert its central depressant 
action,^®* which helps to prevent reflexes which favor pulmonary edema. The 
addition of another central depressant, morphine, gave very satisfaclorj^ results. 

Table IX. Physostigmine or Prostigmxne Plus Allied Drugs 


SERIAL 

NUMBER 

OF 

EXPERI- 

MENT 

PHYSOSTIGMINE 

OR 

PROSTIGMINE 
(DOSE IN MG./kG.) 

ATROPINE 

OR 

SCOPOLAMINE 
(DOSE IN 
MG./KG.) 

CURARE 

OR 

MORPHINE 
(DOSE IN 
MG./KG.) 

INDEX 

LUNG/ 

BODY 

GRADE 

OF 

EDEMA 

REMARKS 

r 

19 

Physostigmine 

2 

Atropine 

m 

- 


1.15 



26 

Physostigmine 

1.4 

Atropine 

0.17 

- 


1.09 

- 

- 

107 

Physostigmine 

2 

Atropine 

0.5 

- 


1.75 

+ 

Saminer 

118 

Physostigmine 

1 

Atropine 

0.1 

Morphine 16 

1.13 

- 

- 

127 

Physostigmine 

3 

Atropine 

0.2 

CuTare 

4 

1.33 

- 

- 

101 

Prostigmine 

0.5 

Atropine 

0.1 

- 


1.8 


Summer 

106 

Prostigmine 

0.05 

Atropine 

0.05 

- 


2.1 

+ 

Summer 

108 

Prostigmine 

0.25 

Atropine 

0.2 

- 


3.1 

+ + 

Summer 

129 

Prostigmine 

0.5 

Atropine 

0.3 

- 


1.12 

+ 

Summer 

148 

Prostigmine 

0.4 

Scopolamine 

0.3 

_ 


2.54 

+ *f + 

- 

185 

Prostigmine 

0.8 

Atropine 

0.1 

- 


5 

+ + + + 

- 

119 

Prostigmine 

0.3 

Atropine 

0.1 

Morphine 16 

1.11 


- 

128 

Prostigmine 

0.9 

Atropine 

0.3 

Curare 

3 

1.5 

- 

- 

130 

Prostigmine 

0.8 

Atropine 

0.2 

Curare 

3 

1.3 

- 

- 

149 

Prostigmine 

1 

Scopolamine 0.4 

Curare 

4.6 

1.3 

+ 

- 

150 

Prostigmine 

0.8 

Atropine 

0.1 

Curare 

6 

1.17 

- 

- 


The considerations mentioned and the observation that large doses of 
physostigmine cause muscular twitchings and cramps which may even impair 
respiration led us to combine curare with physostigmine. As far as the periph- 
eral nerves are concerned, the action of curare is antagonistic to that of physos- 
tigmine. Therefore, a combination of the two drugs should have no peripheral 
action whatsoever. However, curare has a depressant action on the ganglia and 
on the central nervous system^^-^® which strengthens the central depression 
caused by prostigmine.^® Very satisfactory results were obtained in experiments 
in which physostigmine, atropine, and curare were combined (Table IX). It 
should be observed, therefore, that the central and not the peripheral action of 
physostigmine is the more important factor in the prevention of pulmonary 
edema. As atropine, used alone, favors pulmonary edema, it is advisable to give 
only the amount of this drug necessary, and no more. Theoretically, atropine 
might be dispensed with whenever curare is added to physostigmine. However, 
curare prevents vagus action only in veiy large doses and this effect is trans- 
itory,®® Therefore, in spite of the desirability of simplifying the experiments, 
a small dose of atropine is necessary, 

Prostigmine should exert a central depressant action in smaller doses than 
physostigmine. For this reason it was tried, in combination with , atropine, 
in doses from one-fourth to one-fortieth as large as those of physo.stigminc. 

♦The Importance of environmental temperature has heen tUscus-sed In previous papers,’- * 
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These doses proved to be too small. However, when either morphine or curare 
was added, the results of the use of prostigmine were excellent (Table IX). We 
must conclude that prostigmine is not so effective in the prevention of pulmonary 
edema as physostigmine, but that it is just as effective when combined with 
other drugs having a depressant effect on the central nervous system (morphine, 
curare) . In its favor are its efficacy in smaller doses and the more prolonged 
duration of its effect. 

The excellent results obtained by the combination of a mixture of curare 
(or morphine) and physostigmine (or prostigmine) with a small protective 
dose of atropine are shown by the fact that, of seven dogs so treated before 
and during infusion, only one had even a minimal trace of pulmonary edema. 
The substitution of scopolamine for atropine does not offer any advantages. 

Intravenous injection of curare-atropine-prostigmine in a normal un- 
anesthetized dog was well tolerated. The only visible effects were immediate 
diarrhea and weakness of the limbs for a few minutas. 

GENERAL CONSIDERATIONS ON THE MECHANISM OF PULMONARY EDEMA 

As we have already stated in a previous publication,^ pulmonary edema pro- 
duced by our technique is the expression of a diffuse attempt quickly to get rid 
of the tremendous amount of fluid which is injected. However, this pulmonary 
manifestation is so important that it may bring about the death of the animal. 
That it has special features and a special mechanism are shown by the fact that 
the pulmonary edema may be prevented by various devices (bleeding, artificial 
respiration, denervation of the carotid sinus), at times without interfering with 
other features of the general syndrome. Pharmacologic studies throw further 
light on the mechanism of pulmonary edema. It is entirely possible to prevent 
the occurrence of this type of pulmonary edema by use of hypnotics. This con- 
firms the hypothesis that a reflex mechanism, having its starting point mainly 
in the carotid sinus, and possibly also within the heart itself, favors the oc- 
currence of the edema. The exact localization by the use of different hypnotics 
of the nerve centers involved did not prove successful. However, the fact that 
morphine had a useful action suggests involvement of the respiratory center, 
or at the least shows that the prevention of dyspnea is important, by excluding 
a mechanical factor favoring the edema. The beneficial action of chloral 
hydrate in preventing pulmonary edema cannot be explained by the fact that 
it produces secondary dilatation of the peripheral vessels. The action of the 
barbiturates points more to involvement of the brain stem in the mechanism 
of pulmonary edema. Further studies are suggested by the facts that stimuli 
initiated in the carotid sinus reach the brain along the glossopharjmgeal nerve 
and that the center of the water metabolism, located in the middle brain, is prob- 
ably playing an important role whenever the blood volume is more than tripled 
within a short time. 

Parasympatholytic drugs had a haimful effect. The effect of atropine was 
more harmful than that of scopolamine. This indicates that a carotido-vagal 
reflex is not involved in pulmonary edema, and that moderate vagal stimulation 
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might even help in preventing the edema. On the other hand, extreme 
bradycardia is not a favorable factor in preventing the edema, because it tends 
to cause hyperemia of the lungs. The stimulation of the central nervous system 
caused by atropine and the slight depression caused by scopolamine may account 
for the slightly different results obtained by the use of these two drugs. The 
useful action of sympathol3d;ic drugs such as ergotamine and 883 Poumeau 
suggests that a carotido-sympathetie reflex (and possibly a less important cardio- 
sympathetie reflex) are involved in the mechanism of the edema. This would 
not be surprising, for a carotido-sjunpathetic reflex has been found to be the 
cause of the fall in blood pressure which follows distention of the carotid siuus.^’ 
The inconstant results obtained with sympatholytic drugs may be explained by 
the fact that whenever unbalanced vagus action is allowed to take place, dis- 
tention of the carotid sinus causes extreme bradycardia or even asystole. To 
discover wliether a carotido-sympathetie reflex favors pulmonary edema through 
dilatation of the capillary vessels or through direct change of their permeability'” 
we used vasodilator drugs (sodium nitrite, aminophjdline) , Sodium nitrite had 
a moderately beneficial effect. This fact, however, cannot either favor or dis- 
favor any of the two possibilities, because on the one hand, peripheral vaso- 
dilation decreases the venous return and may prevent the edema ; on the other 
hand, the pulmonary vasodilator action may increase the severity of the edema. 
The same may be said about pitressin, which decreased permeability but pro- 
duced harmful results. The favorable action of curare is explained by the 
depressant effect of this drug on the brain centers and on the ganglia. Tliat 
curare has this action is confirmed by the experiments in whicli the combination 
of curare with prostigniine gave definitely better results than the use of curare 
alone. 

The actions of physostigmine and prostigniine, which have been discussed 
at length can be explained only by their depressant effect on the ganglia,®* on 
the spinal cord,®®’ and on the brain®*’ and not by any cardiac or vascular 
effect. 

Digitalis and digitalis-like glycosides were tried m order to study the sug- 
gestion of French authors that they might be useful.®® The slightly beneficial 
action of strophanthin may be explained by the reduction in the size of the dis- 
tended ventricles and by the consequent decreased stimulation of cardiac re- 
ceptors. If cardiac failure were the cause of the type of experimental edema 
of the lungs w^hich we arc studying, the result would have been much more 
striking. 

The pharmacologic experiments reported here confirm our previous inter- 
pretation® of the acute pulmonary edema brought about by our standard method. 
We believe that this general conclusion, which had been foreshadowed by results 
of experiments on pulmonary edema caused by adrenalin,® ligation of the aortic 
arch,® venous infusion,'* ® and suboccipital injection,®” should now definitely 
focus the attention of students of pulmonary edema upon the nervous system 
and not upon the mj'ocardium. That either irritation of the myocardium 
(coronary occlusion), or distention of the heart cavities (heart failure, hyper- 
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tension) may be one of the causes of pulmonary edema cannot be denied, but 
we feel that either of these phenomena is secondary to the distention of the 
large arterial vessels as a cause of reflexes which favor acute edema of the lungs. 
We should like to emphasize the word “favors.” For the occurrence of pul- 
monarj’’ edema a condition of distention of the lung capillaries is essential. Tliis 
distention is caused by the energetic w'ork of both ventricles, as Sahli and 
Kotowschikow have ascertained, and requires high arterial pressure and/or 
high venous return, as. Starling has demonstrated. On this condition, an acute 
reflex increase of permeability may be superimposed which will lead to paroxys- 
mal edema. Any factor decreasing either the ai'terial pressure or the venous 
return vdll act against the possibility of the edema. Factors leading to a de- 
creased distention of either the ventricular cavities or the arteries containing 
pressoreceptors Avill produce the same result. Any depressing effect either on 
the sensitive receptors, on the nerve centers, or on the autonomic pathways of 
the reflexes will also help prevent the edema. 

Geneml Considerations on the Prevention and the Therapeutic^ of Pid- 
monury Edema. — In our systematic study of the effect of drugs on experimental 
pulmonary edema the following drugs were found to be useful: (1) hypnotics; 
(2) prostigmine, in combination -with either curare and atropine or morpliine 
and atropine; (3) drugs inhibiting the sympathetic sj'stem; and (4) less con- 
stant results were obtained with local anesthetics (novocaine) or traseutine. 

That hypnotics would exert a beneficial action was foreseen from the results 
of previous experimental and clinical studies. • Chloral hydrate alone and in 
combination with morphine seems to be the most promising for clinical applica- 
tions. The action of prostigmine in combination vdth either morphine or 
curare has been described for the first time and may give favorable results in 
clinical applications. Novocaine may exert a favorable action, but should not 
be used in large doses. Trasentine deserves further study and may prove use- 
ful. Aminophylline, mercurial diuretics, and papaverine may be of general 
help in preventing edema, but proved ineffective if used in the imminence of an 
attack. Digitalis and strophanthin should also not be counted upon in the treat- 
ment of a paroxysmal attack of pulnionary edema. The following may be said 
of the clinical application of the two main groups of beneficial drugs: (a) Hjq)- 
notics may be used by intravenous injection, since their application by this 
route has been already tried both in normal individuals®'’ and in clinical cases 
of pulmonary- edema.'* (b) Prostigmine and allied drugs should be tried first 
by subcutaneous injection. Intravenous administration may be superior, but 
should not be tried until it has been seen that possible secondary effects 
(bradycardia, bronchospasm, etc.) are not harmful. 

SUMMARY 

1. A sj'stematic study of various drugs has been made in the treatment of 
acute experimental pulmonary edema caused by the rapid intracarotid infusion 
of physiologic salt solution. 

2. The following drugs conferred ])roteetive effects and tended to prevent 
the development of edema: 
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a. The best results were obtained by hypnotics (phenobarbital, barbital 
eliloral hydrate) and by combination of any one of the hypnotics with morphine! 

b. A combination of prostigmine with either atropine and curare or at- 
ropine and morphine also gave excellent results. 

e. Sympatholytic drugs (ergotamine, 883 P), novoeaine, and trasentine gave 
less constant results. 

d. Vasodilators and drugs stimulating the myocardium only oceasionallv 

gave good results. ^ 

e. Atropine, adrenalin, and pitressin definitely made the edema of the 
lungs worse. 

3, Observations on the pathogenesis of acute pulmonary edema caused by 
the method of rapid intracarotid infusions are drawn from the reported 
pharmacologic studies. Attention is called to the important part that the central 
nervous system plays in the syndrome and to refiexes leading to an acute in- 
crease of capillary permeability of the lungs. 

4. Therapeutic considerations are drawn from the reported experiments. 

We should like to acknowledge the helpful technical assistance of Salvatore N. Mangano 
and Michael M. Lovezzola. 
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THE COINCIDENCE OP AURICULAR FIBRILLATION iVND 
BACTERIAL ENDOCARDITIS 

Roger K. McDonjVLd, M.D. 

Minneapolis, jMinn. 

T he belief that bacterial endocarditis and auricular fibrillation rarely co- 
exist seems to be almost universal. IMany cardiologists believe that bac- 
terial endocarditis practically never develops in the presence of auricular 
fibrillation. It is the purpose of this paper to study the basis for this belief and 
to offer a possible explanation whj'^ auricular fibrillation occurs less frequently 
Avith bacterial endocarditis than Avith rheumatic heart disease. Those AA’ho con- 
tend that aui'icular fibrillation and bacterial endocarditis are rarely encountered 
together need not look far for support. 

In 1923, Blumer^ found four instances of auricular fibrillation among 301 
patients Avith subacute bacterial endocarditis. In this study he noted, “These 
figures, hoAVCver, are probably misleading, for many cases Avere recorded long 
before modern metliods of pulse study AAmre in vogue.” In 1926, Thayer* re- 
ported that in 60 fatal cases of subacute bacterial endocarditis (streptococcic), 
in the main the result of mjmeardial insufficiency, four cases of auricular fibrilla- 
tion AA’ere encountered. In neither of the above studies Avas there any mention 
of one process’ developing before the other. 

In 1927, Rothschild, Sacks, and Libman* reported a study of 123 patients 
AAith subacute bacterial endocarditis, 61 of Avhom had had electrocardiograms 
made. Among these 61 patients, auricular fibrillation Avas encountered in four. 
There Avas no evidence that auricular fibrillation Avas present in anj’- of the 62 
patients for Avhom no electrocardiogi’ams AA'ere made. In one of the four ca.sc.s 
A\dth fibrillation the rhythm had been normal until three days before death. 
This Avas the only instance in tlie group in AAdiich fibrillation deA’eloped in an 
active case. In the other three patients, fibrillation developed in the bacteria- 
free stage. Basing their opinion upon the occurrence of auricular fibrillation in 
three of fourteen patients in the bactcria-free stJige of bacterial endocarditis, 
they stated that the coexistence of these tAA'o jiathologic processes Avas relatively 
common. These authors noted that, CA'en in the presence of heai’t failure, the 
patients generally retain a normal rhythm. They also approached the problem 
from another a.spect. In-n study of 200 patients AAuth auricular fibrillation 
selected at random, they found that none had, or developed, subacute bac- 
terial endocarditis. They concluded, “The obserAmtion that auricular fibrillation 
and active subacute bacterial endocarditis arc mutually exclusiA'c (saA-e in ah 
exceptional instance) is of diagnostic Amine.” 
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In 1932, Fulton and Levine^ reported that in a study of 111 patients %vith 
subacute bacterial endocarditis, auricular fibrillation was found only in one in- 
stance, where it developed as a terminal event. Of these 111 cases, 84 were 
hospital patients, and electi’ocardiograms were made on 62. They stated, “The 
inference to be drawn is that the heart remains essentially regular in subacute 
bacterial endocarditis, and, furthermore, if a patient had auricular fibrillation 
it is extremelj'’ unlikely that he had or ever will develop subacute bacterial endo- 
carditis. ’ ’ 

In 1933, Laws and Levine^ noted that two of 43 patients with subacute 
bacterial endocarditis had auricular fibrillation. In one of these the auricular 
fibrillation was present before the onset of the subacute bacterial endocarditis, 
and in the other it occurred as a terminal event. In 1935, SegaP reported 192 
eases of subacute and acute bacterial endocarditis. In this group, auricular 
fibrillation was eneountex'ed five times. In only one ease did tlie auricular 
fibrillation precede the onset of the bacterial endocarditis. Finally, in 1941, 
Christian^ reported that, in 150 eases of Streptococcus viriclans endocarditis, 
only four patients were observed to develop auricular fibz’illation. 

In summarizing. these seven studies, on^ finds that they include a total of 
980 eases of bacterial endocarditis. In the total group, auricular fibrillation was 
present in 24 eases (2.45 per cent) . Of these 24 patients with auricular fibrilla- 
tion, in 11 fibrillation definitely began after the onset of bacterial endocarditis, 
in two auricular fibrillation definitely antedated the onset of bacterial endo- 
carditis, and in 11 patients no mention was made of one process’ occurring be- 
fore the other. 

SOURCE AND ANALYSIS OF MATERIAL 

This paper is based upon a study of 286 cases of bacterial endocarditis. 
These all came to autopsy and were taken from tlie University of JMinnesota 
Hospitals, Ancker Hospital of St. Paul, Minneapolis General Hospital, and 
various other hospitals in Minneapolis and St. Paul (Table I). In this series 
of 286 patients, 36 examples of auricular fibrillation were encountered (12.59 
per cent). 


TabiiE I. Sources of Two Hundred and Eighty-Six Cases of B-vcterim., Endocarditis and 
Percentage Incidence of Auricular Fibrideation 


HOSPITAL 

1 cases of BACTERI.AL 

I ENDOCARDITIS 

1 CASES OP AURICULAR 

1 FIBRILLATION 

PERCENTAGE OF 
COINCIDE.VCE 

University of Minnesota 

62 

5 

8.06 

Ancker 

64 

8 

12.50 

Minneapolis General 

70 

11 

12,55 

Others 

90 

12 

13.33 


Because the reports on many of the 90 cases from “Other Hospitals” were 
not complete, further analysis in this study has been confined to the 196 cases 
from the first three liospitals listed in Table I. 

The distribution of the 196 cases of bacterial endocai’ditis in tlie various 
age groups, with the frequency of auricular fibrillation, is shown in Table II. 
Generally speaking, this disease is an affection of the younger age groups. 
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Table II. Age Disteibution and Percectage Incidence of Auricular Pibrill-vtion in 
One Hundred and Hinett-Six Patients With Bacterial Endocarditis 


AGE 

(YES.) 

number of cases 
OP bacterial 
endocarditis 

percentage 

of 

TOTAL cases 

NUMBER OF CASES 
OP AURICULAR 
FIBRILLATION 

PERCENTAGE IN- 
CIDENCE OF 

auricular 

fibrillation 

0 to 9 

6 

3.06 

1 

16.07 

10 to 19 

20 

10.20 

0 

0.00 

20 to 29 

53 

27.04 

7 

12.96 

30 to 39 

41 

20.92 

4 

9.76 

40 to 49 

32 

16.33 

3 

9.38 

50 to 59 

28 

14.29 

5 

17.86 

00 to 09 

10 

5.10 

3 

33.33 

70 to 79 

3 ' 

- 1.53 

0 

0.00 

SO to 89 

3 

1.53 

1 

33.33 


It will be noted that the incidence of bacterial endocarditis reaches its peak 
in the third decade. The incidence of auricular fibrillation is higher in the 
older age group, reaeliing 20.5 per cent after the age of 50 years, as compared 
with 9.87 per cent up to the age of 50. 

The sex incidence showed 88 women and 101 men. Seventy-five per cent of 
the women with bacterial endocarditis came to autopsy before the age of 40 
years, while only 50 per cent of the men so affected were autopsied before tliis 
age. This observation would suggest that women develop active bacterial endo- ’ 
carditis at an earlier age. 

The combinations of valvular involvement were studied in the 196 cases, 
and several interesting findings were noted. Table III shows the incidence of 
bacterial endocarditis and auricular fibrillation in the various combinations of 
valvular involvement. 


Table ni. The Incidence of Bacterial Endocarditis and Auricular Fibrillation in 
Eelation to Various Valvular Involvements 


VALVES INVOLVED 

number of 

CASES OP 

bacterial 

ENDOCARDITIS 

PERCENTAGE OF 
CASES OP 
EACTERLAL 
ENDOCARDITIS 

number of 

CASES OF 
AURICULAR 
FIBRILLATION 

percentage 

INCIDENCE OF 
AURICULAR 
HBRILLATION 

Aortic and mitral 

87 

44.39 

11 


Mitral alone 

80 

40.82 

9 

11.25 

Aortic alone 

18 

9.18 

3 

16.67 

Tricuspid, aortic, and mitral 

3 

3.53 

0 

0.00 

Tricuspid and aortic 

1 

0.51 

0 

0.00 

Tricuspid, mitral, and pui- 

1 

0.51 

0 

0.00 

monary 

Tricuspid alone 

3 

1.53 

0 

0.00 

No valvular involvement 

3 

1.53 

1 

33.33 


It is seen that involvement of both aortic and mitral valves on the one 
hand, and of the mitral valve alone on the other, were about equal, ,The in- 
cidence of auricular fibilUation in both gi’oups was about the same: 12.64 per 
cent and 11.25 per cent, respectively. It is of especial interest that in the eases 
in which only the aoilic valve was involved the incidence of auricular fibrillation 
was fully as high as in the cases with mitral involvement alone or combined 
aortic and mitral vahmlar involvement. In the patients in whom, only the aortic 
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valve was involved, the mechanism producing auricular fibrillation was pre- 
sumably based on a relative mitral insufficiency due to left ventricular dilata- 
tion. 

The single example of auricular fibrillation with no valvular involvement 
occurred in an 8-year-old boy. This patient bad a bacterial endocarditis super- 
imposed on an active rheumatic carditis. The auricular fibrillation developed 
sometime after the onset of the bacterial endocarditis, but it persisted over a 
period of three and one-half months, until the death of the child. 

Aiwlysis of the Twenty-Four Cases of Auricular FihinllaHon . — The fibrilla- 
tion in 21 patients was persistent; in three it was of the paroxysmal variety. 
Congestive failure was present in aU of the 21 patients with the persistent 
variety and in one of the tliree patients with paroxysmal fibrillation. 

The following data in regard to the onset and duration of the fibrillation 
were observed: Of the three patients with paroxysmal auricular fibrillation, 
one had fibrillation during the thirteen days of liospitalization prior to death, 
one had fibrillation for the one day of hospitalization before death, and one had 
two observed paroxysms of fibrillation during thirty-three days of hospitaliza- 
tion prior to death. Of the 21 patients vuth persistent auricular fibrillation, 
five definitely developed fibrillation after bacterial endocarditis was present. 
Ten of the 21 patients showed both fibrillation and bacterial endocarditis at the 
time of admission, and therefore no statement can be made regarding the oc- 
currence of one process before the other. In six, a persistent auricular fibrilla- 
tion was definitely present before the bacterial endocarditis developed. These 
six cases in which auricular fibrillation preceded the onset of bacterial endo- 
carditis are emphasized because of the supposed rarity of this condition. In 
18 of the 24 eases of auricular fibrillation, the diagnoses were based on electro- 
cardiographic as well as clinical evidence. Electrocardiograms had been ob- 
tained in every case in which auricular fibrillation antedated the onset of bac- 
terial endocarditis. 

DISCUSSION 

There are differences in the results of this study and of other reported 
studies in regard to the frequency of the coexistence of auricular fibrillation 
and bacterial endocarditis. The discrepancy is difficult to explain. Tins report 
is based upon the study of consecutive eases taken from the protocols of the 
three hospitals mentioned. In every instance there was a thorough study of both 
the pathologic protocols and the hospital charts, and the existence of bacterial 
endocarditis was Confirmed by autopsy. 

In comparison vdth the incidence of auricular fibrillation in rheumatic 
heart disease which is usually accepted (40 to 53 per cent in the studies of de la 
OhapeUe, Graef, and Eottino,® DeGraff and Lingg,'» and Stone and FeiP°), the 
coincidence of auricular fibrillation and bacterial endocarditis is low. However, 
in the present study no basis has been found for postulating a protective mech- 
anism on the part of auricular fibrillation against the development of bacterial 
endocarditis, nor does there seem to be anything to suggest that these two dis- 
orders are mutually exclusive. The answer to this problem seems to depend 
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upon two factors wliieli contribute to the development of auricular fibrillation : 
the integrity of the myocardium and the duration of the disease affecting the 
heart. 

Congestive heart failure may be taken to be an expression of an inefficient 
myocardial function. In the 196 eases of bacterial endocarditis, the incidence 
of congestive failure, as indicated by chronic passive congestion of the liver, was 
about 40 per cent. However, in the 24 cases with aui’ieular fibrillation 91 per 
cent showed congestive failure, and in the 21 eases of persistent auricular fibrilla- 
tion, congestive failure was present in every instance. In their study of rheu- 
matic hearts, de la Chapelle, Graef, and Eottino® found that the ificidence of con- 
gestive failure was 88 per cent. Thus, in the cases of bacterial endocarditis 
reported, the percentage incidence of congestive failure is somewhat less than 
half that found in chronic rheumatic heart disease. 

In regard to the duration of rheumatic heart disease, it is accepted that 
the incidence of auricular fibrillation in heart disease increases with the age of 
the patients. DeGraff and Lingg,® investigating the eoiu’se of rheumatic fever 
in adults, reported that auricular fibrillation "is a late manifestation in rheu- 
matic heart disease.” The 3 >- further stated, "It appears, then, that patients 
who 'died of subacute bacterial endocarditis have not had riieumatic heart dis- 
ease long enough to develop auricular fibrillation ; hence, the rare coexistence of 
the two conditions.” Garvin,^^ in a study of rheumatic heart disease, concluded 
that "in fatal rheumatic heart disease, as in fatal hypertension and coronaiy 
disease, auricular fibrillation is found in older patients, while a nonnal cardiac 
mechanism usually is encountered in younger patients. ” It was previously men- 
tioned that the greatest number of deaths from bacterial endocarditis was en- 
countered in the age group from 20 to 29 3 ’ears, and that the general impression 
was that bacterial endocarditis is a disease of the younger age group. Rheu- 
matic heart disease with congestive failure has its highest incidence in the 
foiu’th and fifth decades (ClaAvson’-). 

That the grade of mitral stenosis is a factor in detennining the incidence 
of auricular fibrillation does not seem to be a conclusion justified by this study ; 
for, as has been previously noted, the coincidence of auricular -fibrillation and 
bacterial endocarditis was about the same whether the mitral valve was involved 
alone, whether the mitral and aortic valves were both involved, or whether only 
the aortic valve was involved. Our belief that auricular fibrillation does not 
depend upon the degree of mitral stenosis is in full agreement with the con- 
clusions of de la Chapelle, Graef, and Rottino® and of Segal.® It seems much 
more probable that the pathogenesis of aiuicular fibrillation is more closely 
related to^the myocardial integrity, both plij’^siologie and anatomic, than to the 
degree of severity of mitral stenosis per se. 

The most probable explanation of the fact that auricular fibrillation is 
present less frequently in bacterial endocarditis than in rheumatic heart disease 
without bacterial endocarditis is that sepsis intervenes to cause death before 
the patient with bacterial endocarditis develops auricular fibrillation and con- 
gestive failure indicative of severe mj'ocardial failure. 
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CONCLUSIONS ’ 

1. In 286 patieiitxS Avitli bacterial endocarditis, 36 examples (12,59 per cent) 
of auricular fibrillation were encountered. 

2. Of the 196 cases in Avliich the character of the fibrillation was analyzed, 
three were of the paroxjAsmal type and 21 were of the pei^istent variety. Of 
these 21 cases of persistent fibrillation five definitely had an antecedent bac- 
terial endocarditis, in six the auricular fibrillation was definitely present before 
the onset of bacterial endocarditis, and in 10 both processes were present when 
our observations began, 

3. The incidence of auricular filirillation was approximately the same ir- 
respective of the tjqie of vahmlar involvement. 

4. The reason that the incidence of auricular fibrillation is significantly 
lower in bacterial endocarditis than in rheumatic heart disease seems to be that 
in most cases of bacterial endocarditis fatal sepsis intervenes while the patients 
are relatively young and before the disturbance of the myocardial integrity' be- 
comes severe. 

5. The results of this study suggest that the coexistence of auricular fibrilla- 
tion and bacterial endocarditis is not so rare as was previously .suppo.sed, and 
that one should therefore be cautious in using this point as a diagnostic aid. 
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PATHOLOGIC STUDY OP THIRTY-ONE CASES OF SCRUB TYPHUS 
FEVER WITH ESPECIAL REFERENCE TO THE 
CARDIOVASCULAR SYSTEM 

Lieutenant Colonel Harold D. Levine, M.C. 

Army of the United States 

S INCE the early phases of the Papuan campaign scrub typhus fever has been 
recognized as an important problem of military medicine in the Southwest 
Pacific theater of operations."-" Experience with the disease has caused particular 
concern for the real or hypothetical cardiac complications of the disease. Some 
support was lent to this attitude by the histopathologic studies of Rouwenaar,'* 
Kouwenaar and Wohf,® and Corbett® and the clinical studies of Lipman, Byron, 
and Casey/ Other studies, on the contrary, pointed out the possibility of mis- 
interpreting certain physical findings as the result of heart disease® and failed 
to establish evidence for the existence of chronic heart disease as a sequel of the 
disease.®’ Prom his study of an epidemic of 230 cases in one of the 'islands 
of the Southwest Pacific in early 1944, Logue"" stated that “the probability of 
permanent myocardial damage should be given further consideration.” This 
conclusion was unfortunately misquoted in a popular newsmagazine wliich stated 
that “he suspects that all have permanent heart damage.” Personal interviews 
with many medical officers throughout this area have sho^vn that this bogey 
still persists. It seemed worth while, therefore, to examine a representative 
sample of pathologic material, focusing attention upon any abnormalities of the 
cardiovascular system. 

METHODS AND MATERIAL 

The material for this study comprises the gross and microscopic findings of 
thirty-one cases of scrub typhus fever autopsied at the Third Medical Laboratory 
during the year 1944 and made available to me through the courtesy of Captain 
George P. Smith. The cases included in the study have not been previously 
reported. The patients ranged in age from 19 to 44 years "with a mean age of 
24 years (see Table I). Death occurred in from six to twenty-four days after 
the onset of the disease. The mean duration of the illness was thirteen days. 
More than half of the deaths occurred between the twelfth and fifteenth days. 

Excepting the data substantiating the clinical diagnosis, practically all of 
the material of this study was derived from the gross autopsy findings and 
microscopic examination of the tissues. In all thirty-one cases the diagnosis of 
scrub typhus fever was well established. Every record described regional and 
generalized lymphadenopathy and a rash, and aU but one described a char- 
acteristic eschar. The patients' sera agglutinated the OX-Kingsbury strain of 
the "protem bacillus in significant titer in nineteen cases, and in nine cases the 
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OX-K agglutination could not be carried out. Table I is a consolidation of 
much of the essential data of this study. The severity of the changes is graded 
as follows : + = mild, + + = moderate, + + + = severe, and + + + + = very severe. 

PATHOLOGIC CHANGES IN THE HEART AND OTHER ORGANS 

I. The Heart . — The hearts ranged in weight from 260 to 500 grams; the 
mean weight was 330 grains. In four cases the consistency was firm and the 
color was rusty red or dark mahogany biwvn. In 27 cases the heart was pale, 
soft, flabby, or slightly friable. Although two hearts contained small atherom- 
atous plaques in the proximal portions of the coronary arteries, in all cases 
these vessels were widely patent throughout. In every instance the valves were 
free, delicate, and competent, and the measurements of the valve rings were 
normal. In 22 cases there were subepicardial petechial hemorrhages, and in 
two cases there were subendocardial petechial hemorrhages. In only one case 
was there a macroscopic hemorrhage into the heart muscle proper. 

In six cases the microscopic appearance of the heart was perfectly normal 
and compact; in twenty-five, microscopic changes were observed. These were 
located principally in the myocardium, but in 16 cases there were also epicardial 
or endocardial changes. In five cases the myocardium seemed loose, frayed, and 
lacy, the muscle fibers being separated either by a thin fibrin network or 
an inflammatory exudate. This consisted of lymphocytes, plasma cells, and 
large mononuclear cells, some of which had eosinophilic c 3 d;oplasm and some- 
what vesicular nuclei usually containing nucleoli. In a few cases tliere was 
also a sprinlding of polymorphonuclear leucocytes. This type of exudate was 
distributed diffusely in the endomysial spaces in four cases and as a cuff around 
blood vessels in seven ; in 14 cases there were both a perivascular and an inter- 
stitial distribution. As Table I shows, the degree of this reaction was slight in 
11 instances, moderate in six, severe in four, and verj’^ severe in four. In 13 
cases there was a slight to moderate exudation of similar cells into the endo- 
cardium which might be slightly thickened, and in 16 cases the cells were found 
in the fibrous or fatty tissue of the epicardium. Pig. 1 shows an example of 
this type of reaction. In both locations the reaction was generally continuous 
with an identical reaction in the contiguous myocardium, but in a few instances 
the epicardial exudate was perivascular in distribution. 

Of the twenty-five cases showing carditis, thirteen showed intact heart 
muscle fibers throughout with normal nuclear and cytoplasmic structure, but 
in twelve cases the cytoplasm had undergone minor degrees of hyaline degenera- 
tion, loss or indistinctness of striation, vacuolization of the cytoplasm, or frag- 
mentation of the muscle fibers. Usually this muscle fiber necrosis was restricted 
to the cytoplasm but in two cases nuclear degeneration was also observ^ed. An 
extreme degree of this type of myocardial degeneration is illustrated in Pig. 2. 
In one part of the field an intact muscle fiber is seen, and on the opposite side 
a fiber shows hyaline degeneration, vacuolation. and fragmentation. The cyto- 
plasmic changes, when present, were most pronounced in the regions of focal 
exudation. In k'YO cases this reaction involved the subendocardial layers of the 
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Fig. 1.— Case 9. Pericardial infiltration in scrub typhus fever. (X20.) For Uielr 
courtesy and cooperation the author is indebted to Colonel Dwight M. Kuhns and Sergeant 
Dave Brunk of the Nineteenth Medical General Laboratorj' where the photomicrographs Illus- 
trated in this article were made. 



Fig. 2.— Case 2. Myocardial necrosis in scrub typhus. Note the relatively Intact muscle 
fiber on the left in contrast to the fibers on the right which show hyaline degeneraUon, 
vacuolation, and dissolution. (x950.) 
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Fig. 3.— Case 8. Endothelial proliferation in one of the smaller vessels of the heart, 
the focal perivascular infiltration. Arrow indicates an area of heaping up of the enao 


Note the focal perivascular 
thellal cells. (X20.) 


Fig. 



4. — Case 8. 


Same 


secUon under higher magnlflc^Oon. 
more clearly. (X'ltO.) 


Shows endothelial hyperplRs'a 
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BHg,. 5 . — Case 14. Eccentric endothelial hyperplasia in a larger blood vessel in one ot the 

papillary muscles of the left ventricle. (X440,) 



Eig. 6. — Case 3. Endocardial hyperplasia in tlie left ventricle. Whereas tills layer 
should consist of a flat ribbon of spindle-shaped endothelial cells, the cells are heaped up and 
almost cuboldal In shape. (X4i0.} 
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myocardium. Though a planned systematic investigation of the conducting 
tissues of the heart was not made, inflammatory reactions of slight degree were 
observed in the Purkinje tissue of the papillary muscles in two eases. Evidence 
of fibrous tissue replacement of muscle fibers could not be established clearly. 

The endothelium of the smaller blood vessels in the regions of focal peri- 
vascular exudation often showed proliferative .changes (see Pigs. 3, 4, and 5) 
Such piling up of the endothelium was noted in nine eases. No definite endo- 
thelial necroses could be demonstrated. Snnilar proliferative endovascular 
changes were not observed in the larger coronary vessels or in the intermediate- 
sized vessels lying in the fibrous tissue septa of the myocardium. In six eases 
the endothelium of the left ventricle was thickened by a similar mild endothelial 
hyperplasia (see Pig. 6). 

II. The Limgs. — Except in seven instaneas in wiiieh there u'ere old' pleural 
adhesions and in three cases in -^vkich there were recent fibrinous 'adhesions on 
the lateral or diaphragmatic surfaces of one or both lower lobes, the pleural 
surfaces of both lungs were smooth, free, and glistening, showing, in seven cases, 
a varying number of subpleural hemorrhages. The right lungs varied in weight 
from 500 to 1,400 grams, the mean weiglit being 1,000 grams. The corresponding 
weights for the left lungs were 450, 1,230,' and 885 grams, respectively. In 
most instances the lower lobe of each lung was either uniformly or spottily 
solid in consistency, lacking normal crepitation. In two eases, in addition to the 
involvement of the lower lobes, there was similar solidification of tlie middle lobe 
of the right lung and in two cases, of an upper lobe as well. In only two cases 
was the consolidation more pronounced in the upper than in the lower lobes. 
The cut surfaces of these more solid portions of the lungs were moist and either 
homogeneously deep purple or mottled, showing differences in color ranging 
from salmon pink through rusty red to plum puiiile. On scraping, the cut 
surface of the involved lung tissue exuded a frothy pink or red material. 

In three cases there were small, hard, sharply demarcated gi’ayish red raised 
areas, roughly lobular in distribution which appeared to be pulmonary infarcts. 
The protocols contained no description of the dissection of the pulmonary 
arteries or veins. 

With one exception every case in this series showed some degi’ee of in- 
flammatory reaction in the liuigs on microscopic examination. The severity of 
those changes is shovm in Table I. The inflammatory reaction consisted of 
intra-alveolar and interstitial exudation of lymphocytes, plasma cells, and large 
mononuclear cells. 

In seven cases in which the illness Avas of more than average duration 
there was a varying admixture of polymorphonuclear leucocytes in the exudate. 
This reaction was usually heariest in the region of bronchioles and in such 
instances the bronchioles likeAvise contained a suppurative type of exudate. 
Fibrin deposition, dissolution of lung tissue, and degenerated cocci Avere often 
noted in such areas. In three cases the exudate Avas predominantly polAunor- 
phonuclear. These changes Avere regarded as evidences of secondary' bacterial 
infection. 
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Fig. 7. — Case 13. Severe pneumonic infiltration showing mononuclear type of exudate, 
hyaline degeneration of alveolar epithelium (A) and the presence of "edema fluid" In some 
of alveoli <B). (X20.) 



Fig. 8. Case 22. Cliaracterlstic cellular exudate in lung. Note Ij-mphocytes, plasma 

cells, mononuclear cells, extravasted eirthrocytes, and "heart failure” cells, the latter indi- 
cated by arrows. (X9f>0.) 
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The alveolar walls were well maintained in some eases but very indistinct 
in others. They often were completely ruptured and, in a few instances, were 
replaced by hyaline, (see Fig. 7). Marked atelectasis was noted in some por- 
tions of the lungs in most cases. The blood vessels of the supporting tissue of 
the lung and of the alveolar walls were moderately to markedly congested and 
were surrounded by mild to moderate round cell infiltration. In lieavily con- 
gested areas large numbers of erythrocytes had broken into the alveolar spaces; 
occasionally they filled many eontinguous alveoli. In regions of hemorrhage 
many large mononuclear cells, much larger than those already described as part 
of the cellular exudate and containing granules of golden pigment material, 
Avere observed in the alveoli. These would correspond to the “heart failure 
cells” of the older pathology (see Fig. 8). 

In regions adjacent to areas sho^ving moderate or heavy infiammation, the 
exudate was thinner and a pale pink homogenous material filled the alveoli in 
whole or part. This was interpreted as “edema fluid.” The combination of 
hyaline degeneration of the alveolar epithelium, hemorrhagic edema, and mono- 
nuclear exudation gave an appearance reminiscent of that observed in the 
pandemic of influenza in 1918. In none of the blood vessels of the lung were 
ante-mortem thrombi seen. 

III. The Liver . — In eight cases in this series the liver extended below the 
right costal margin from 2 to 8 cm., as measured in the midclavicular line. 
The liver edge was described as rounded in nine cases and sharp in the remain- 
ing twenty-two cases. The organs varied from 1,700 to 2,680 grams in weight, 
the mean weight in the series being 2,050 grams. The surface was always smooth 
and glistening, but it varied in color from pale yellow (rare)' to dark bro^vn 
and, in three eases, it showed subcapsular hemorrhages. The Gut surface showed 
a characteristic “nutmeg” appearance in four cases and “engorgement” in an 
additional six cases. 

The principal microscopic picture in eighteen cases was that of congestion of 
the central veins and hepatic sinusoids with vacuolation, granular degeneration, 
pigment deposition, and necrosis of the central cells of the hepatic lobules. In 
the remaining thirteen cases there was no congestion. In four of the eighteen 
cases sho'wing hepatic congestion there was no evidence of accumulations of 
fluid elsewhere; in the remaining fourteen, edema of the feet or accumulations 
of fluid in one or more of the serous cavities of the body were noted. Con- 
versely, eighteen of the nineteen patients in the entire series with anasarca 
showed hepatic congestion of some degree. In fourteen of the eighteen cases 
with hepatic congestion there was some degree of myocarditis ; in the remaining 
four there was none. Conversely, of twentyflve cases in which there wap some 
degree of myocarditis, fifteen showed hepatic congestion and ten showed none. 
Fence, although congestion of the liver occurred parallel with congestion else- 
where, carditis was associated with congestion of the liver in only about three- 
fifths of the cases. 

In twenty-eight cases there was some increase in the cellular infiltration of 
the periportal spaces. The cells in this region were of the same type as those 
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described in the heart and comprised lymphocytes, plasma ceils, and mononu- 
clear cells. In fourteen cases the cellular infiltration was associated with some 
degree of peripheral necrosis. In six cases there was noted a focal type of 
necrosis, of irregular distribution, \vith a light to moderate focal inflammatory 
reaction of the same cellular type as that described previously. In several cases 
there were various degrees of congestion, periportal inflammation, and central, 
peripheral, or focal necrosis in the same individual. 

IV. The Kidneys . — The gross appearance of the kidneys was not remark- 
able. They varied in weight from 180 to 300 grams, the mean w^eight being 
225 grams. In seventeen cases the cut surface of the kidneys wms normal pink. 
In seven it was pale pink and in seven deep purplish red. In seven there were 
hemorrhages into the mifcosa of the renal pelvis. One kidney showed several 
small subcapsular hemorrhages and a few hemorrhagic areas in the cortex. 

In twenty-two cases the principal microscopic feature was congestion of the 
renal blood vessels with erythrocytes, which appeared most marked in the pyram- 
idal portion but occasionally was seen in the glomeruli as well. In nine of the 
thirty-one eases studied there was no congestion. As with the liver, there wms a 
high degree of correlation between renal congestion and the presence of myo- 
carditis, and usually, renal congestion occurred parallel with hepatic congestion. 
Viewed from the other angle, nineteen of the tw^enty-five eases in the series 
shomug myocarditis had an associated renal congestion whereas six had none. 

Multiple small hemorrhages w^ere noted among the straight tubules in six- 
teen cases and in Bowunan’s capsule in cme. In fifteen eases there was an 
inflammatory exudate in the renal parenchyma, usually in the medulla, con- 
sisting of lymphocytes, plasma cells, and mononuclear cells. In about haH of 
these cases the interstitieil exudate was diffuse. In the other half the exudate 
was focal in distribution and associated wdth focal necrosis of the regional 
tubular epithelial cells. Post-mortem autolysis of varying degrees wms noted 
in the tubules in twenty cases. 

V. ^The Suprarenal Glands . — Excepting small hemorrhages in the fascial 
tissues surrounding the gland -(in tAvo cases) or into the adrenal parenchyma 
(in two eases) and a deep red discoloration of the medulla (in six cases) the 
gross appearance of the external and cut sections of the suprarenal glands was 
quite normal. In thirteen cases vascular congestion was noted. Tliis Avas most 
prominent in the medulla but extended variable distances into tlie adrenal cords. 
BxtraAmsation of blood into the adrenal cortex Avas seen in a feAv eases (Pig. 9). 
Focal necroses and inflammatory reactions of the same type as those described 
in other organs were seen in six cases, occasionally medullary but usually corlioal 
in location (Pig. 10). 

Congestive, hemorrhagic, and inflammatory changes, therefore, Avere not 
as frequently observed in the suprarenal glands as in the kidneys. But, AAUth 
two exceptions, Avhen present they were associated with some degree of carditis. 

VI. The Brain and Meninges. — ^Although minor cerebral changes occurred 
in the majority of cases in only ten AAm’e they considered extensive or severe 
enough to be important. In tAvo cases the cerebral convolutions Avere described 
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Flgr. 9. — Case 3. 


Hemorrhage In adrenal cortex. (X440.) 



Kg. 10. — Case 1. 


Focal necrosis and Infiltration 


fn adrenal cortex. 


(X20.) 
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as flattened. The leptomeninges ■were congested in eight eases. In, eleven 
cases petechial hemorrhages were seen -with the naked eye on the cut surface of 
the brain. 

A surprising microscopic feature was the infiltration noted in the meninges. 
These contained a diffuse (in 12 cases) or focal (in three cases) large and small 
mononuclear cell exudate. In fourteen cases there were focal lesions consisting 
either of a perivascular lymphocytic and mononuclear cell exudate or dense 
^clusters of microglial cells (the so-called “typhus nodules”)- In eleven cases 
these nodules were more or less uniformly distributed throughout the brain 
substance and in three only in certain regions of the brain. In eight cases 
microscopic hemorrhages were observed in the brain substance. Tliromboses 
were never encountered. 


CONGESTI’PE HEART FAILURE 

Edema of the ankles or accumulations of fluid in at least one of the serous 
spaces of the body was noted in twenty-three cases in this series. All but two 
of these were associated with some degree of carditis. In all cases the anasarca 
was associated with risceral congestion. On the contrary, of 25 eases shoiving 
carditis, 18 showed some anasarca while seven did not. Ascitic fluid, noted in 14 
cases, varied in vohne from 50 to 1,500 c.e., the mean being 500 cubic centi- 
meters. Hydroperieardium was noted in 13 cases, the pericardial fluid was 
estimated at between 50 and 300 c.e,, mean volume being 75 cubic centimeters. 
Eleven cases showed right, and twelve left, hydrothorax. The volume of pleural 
fluid varied from 50 to 1,500 c.c, with a mean of 500 cubic centimeters. Edema 
of the feet or ankles was noted in eight cases. 

HEMORRHAGIC PHENOMENA IN SCRUB TYPHUS 

A notable feature in the present series was the frequency of hemorrhagic 
manifestations. Subcapsular hemorrhage of the liver, subcapsular, paren- 
chimatous, or submucous hemon*hage of tlie kidney, hemorrhage into the 
pleural and pericardial membranes, and hemorrliage into the suprarenal gland, 
Iiing, and brain have already been described. Hemorrhages were also observed 
in the mucosa of the gastrointestinal tract in ten cases. These were usually 
located in the upper portion, but in two cases the colon was involved as well. 
One of these patients passed gross blood in his stools. One patient had a severe 
hemoptysis; microscopic examination in tins case showed large hemorrhages 
into the pulmonary alveoli. Seven patients had epistaxcs ; in three of these the 
bleeding was severe enough to require packing of the nose. One patient liad 
a hemorrhage into the subinucosa of the urinary bladder. Five had hemorrhages 
into the sclerae. One of these patients who had several subconjunctival hemor- 
rhages also had a large hemorrhage into the rectus muscle sheath. 

In two cases peteehiae were obseiwed in the sldn. In one of these the 
petechiae were generalized; in the other they were limited to the feet. In two 
cases there were large eechymoses in the sldn. In one of these the ecchjmotic 
area was loeated^below the left axilla; in the other there was an ecchymosis below 
the right axilla and another in the scrotum. 
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«. DISCUSSION 

From this study it appears that the cardiac changes in this series of cases 
of scrub typhus fever were exceeded in frequency only by pulmonarj' changes. 
Cardiac involvement was more frequent than meningoencephalitic lesions. 
Although cardiac changes occur in the great majority of fatal cases, they are 
present in varying degrees of severity. And, finally, it is apparent that, in a 
considerable proportion of patients vrith carditis, congestive heart failure, 
hitherto only vaguely and unconvincingly alluded to in tlie available clinical 
literature, actually develops. 

The changes described here are quite similar to those found in European 
(epidemic) typhus fever.^® The detection of endothelial proliferation in this 
series confirms the findings of Corbett.® This lesion was obvious in the smaller 
and medium-sized vessels of the heart, but not in the larger coronary vessels. 
Similar proliferative changes were sought, hut not found, in the adventitial 
vessels of the gut, in the vasa vasorum of the aorta, and in the afferent arterioles 
of the renal glomenili. The endothelial hyperplasia is not unlike that which 
has been described in European typhus. But here the similarity ends, because 
neither endothelial necroses nor thromboses were obsenmd in the present series. 
The incidence of pericardial or endocardial infiltration was rather unusual in 
this series. In none of Corbett’s seven cases® was endocardial infiltration 
described and in only one was subepicardial infiltration found. 

The existence of adrenal changes, previously denied^®' or not mentioned, 
is of some interest. These glands obviously are involved to some extent in the 
general picture of visceral congestion. They also show the same hemorrhages 
and focal necroses that other organs show. The changes are similar to those 
found in other infections, such as diptheria, or in intoxications ■ such as that 
produced as a result of the injection of diptheria toxin .■‘® Massive adrenal 
hemorrhage was not seen in the present series, and it is doubtful that any 
of the fatalities are attributable to acute adrenal insufficiency. Whether or not 
the asthenia, tachycardia, hjqiotension, and effort intolerance seen as the most 
striking sequelae of scrub tj’phus fever are related to the observed changes in 
the adrenals seems questionable. 

Although it is more than likely that alterations in the walls of the blood 
vessels are responsible for the bleeding phenomena, references have appeared 
in the literature^®- to a “diminished coagulability of the blood” in the disease. 
The results of investigation of intrinsic changes in the clotting mechanism arc 
awaited with interest. 

THE QUESTION OF RESIDUAL CARDIAC DAMAGE 

As in Corbett’s group, variable degrees of damage to the myocardial fibers 
were found in the present series. Of twenty-five cases with myocarditis, twelve 
showed myocardial necrosis of some degree. Wlien present it was heaviest in 
the neighborhood of focal perivascular exudates or in the subendoeardium. 
Accumulating clinical’® and anatomic eridenee tends to show, however, that 
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these changes eventually disappear, leaving no trace of previous damage. 
Williams, Sinclair, and Jackson® found neither cellular infiltration nor e%d- 
dence of early fibrotic changes in the heaiis of three soldiers who died of com- 
plications four to six weeks after attacks of scrub typhus. A more recent 
autopsy^® performed on a soldier who died on the thirty-fifth day of scrub 
typhus from a complication not directly related to the disease showed identifi- 
able, but practically completely healed, myocardial lesions. The resulting scar 
tissue was regarded as so slight as to be unlikely to interfere vdth normal func- 
tion. The following case of a patient personall.v observed is very instructive 
because of the long period following the attack of scrub typhus fever and the 
occurrence of cardiac symptoms in the interim. 

REPORT OP CASE 

Case 32. — In May, 1944, a 22-year-old infantrjman had a severe attack of scrub typhus 
fever, associated -with an eschar, a rash, regional and generalized Ijnnphadenopathy, and a 
strongly positive OX-K agglutination reaction. The disease ran a two weeks’ course with 
deafness, delirium, cough, cyanosis, signs of pneumonia, tachycardia, and hypotension. He 
was so sick that his name was placed on the seriously ill list. Following recovery he com- 
plained persistently of breathlessness and tachycardia on exertiyn, palpitation, precordial 
oppression, weakness, and exhaustion. These symptoms continued until November, 1944, 
when the patient developed severe acute infectious hepatitis which progressed to fatal acute 
yellow atrophy of the Hver. Post-mortem examination showed a perfectly normal heart with- 
out infiltration or scarring. 

Similar observations have been made following European typhus,^® in 
which the heart is involved as severely and extensively as in scrub typhus, and 
also following diphtheria in which there is much more severe and extensive 
myocardial necrosis. There has been no question of chronic heart disease follow- 
ing either of these diseases. From the available evidence it is likely, therefore, 
that patients who survive scrub tjqphus fever ultimately show no residual 
cardiac damage. 

SUMMARY AND CONCLUSIONS 

1. Post-mortem studies carried out in thiity-one cases of scrub typhus 
fever showed pulmonary lesions in all but one case and cardiac lesions in 
twenty-five. Meningoencephalitic lesions were third in order of frequency. 

2. The essential pathologic response to the infection consisted of endothelial 
prolifertltion and perivascular lymphocytic, plasma cell, and mononuclear celt 
infiltration. 

3. The principal cardiac changes were in the myocardium, but the endo- 
cardium and pericardium frequently contained cellular exudates. These were 
lesions occurring in patients who succumbed to the disease during the acute 
phase and their presence lends no support to the hypothesis that myocardial 
damage persists in patients who have recovered from the disease. Necrosis of 
heart muscle fibers was observed in about half of the cases shovdng carditis. 
This was rarely severe. 

4. The pathologic changes in various organs repre.sent the composite effect 
of at least three possible factors: (a) The disturbance of blood supply pro- 
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duced by vascular injury and occasionally manifested by focal necrosis and 
hemorrhage, (b) the back-pressure effects from congestive heart failure, and 
(c) inflammatory changes, 

5. Hemori’hagic phenomena were frequently observed. They were prob- 
ably due to vascular injury. Petechial hemorrhages or eechymoses occasionally 
■were found in the skin. 

6. Evidence does not point to residual cardiac damage in scrub typhus. 
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THE PEEIPHEEAL BLOOD FLOW UNDER BASAL CONDITIONS 
IN OLDER MALE SUBJECTS WITH NORM AT. AND 
^ ELEVATED BLOOD PRESSURES 

Harold J. Stewart, M.D., Willis P. Evans, I^I.D., and Helen S. Haskell, ILD . 

New York, N. Y. 

I N RECENT years, the peripheral circulation has been the subject of new in- 
terest because of the added attention which has been given to inflammatory, 
occlusive, and vasospastic states of the peripheral vessels. We have been inter- 
ested in that part of the volume output of blood from the heart which is allotted 
to the peripheral circulation. In studies of normal male subjects in the earlier 
decades we found that 73 c.c. per square meter of body surface per minute was 
the average amount of blood allotted to the peripheral circulation in a room at 
27° C. with a humidity of 50 per cent.^ However, this was reduced to 52 c.c. per 
square meter of body surface per minute when the room temperature U'as 25° C. 
The differences which are encountered in the peripheral blood flow of subjects 
in the later decades who had clear-cut evidences of vascular disease form the 
basis of this report. The clinical diagnoses shown in Table I iudicate that these 
patients exhibited a wide range of generalized vascular disease, such as arterio- 
sclerotic heart disease, hypertension, coronary artery disease, angina pectoris, 
coronary tlirombosis, and generalized arteriosclerosis. 

The peripheral blood flow has been measured on 27 occasions in 25 male 
subjects from 38 to 77 years of age. The blood pressure was in the normal range 
. in 12 subjects and was elevated in 13 subjects; these groups are designated as 
the “normal blood pressure group” and the “hypertensive group, ” -respectively. 

METHODS 

Measurements of peripheral blood flow were made by modifying the method 
of Hardy and Soderstrom- in such a way that the use of a calorimeter was not 
necessary. This modification has been described previously.^*'’ The following 
data are required: sldn temperatures at eleven points on the anterior surface 
of the body, as shown in Pig. 1^; rectal temperature; oxygen consumption; 
height; and liody weight. In this method is measured the amount of blood 
allotted to the periphery of the whole body to a depth of 1 cm. below the sur- 
face. Blood pressure and pulse rate are recorded. 

The sldn temperatures were measured with the Hardy-Soderstrom radiom- 
eter®; the rectal temperature was measured with a single-junction, copper- 
. ' constantan thermocouple®; and the oxygen consumption was measured with a 

From the Department of Medicine of the Ncvr York Hospital and tlie Cornell Univer- 
sity Medical College, New York, New York. Supported by a grant from the John and Maiy 
R. Markle Foundation. 


343 



TAnr,E I. Data ReiuVTINo to Twenty-Five Maee Patients From 38 to 77 Years of Age, Exhibiting VasooiiAR Disease, at Room 

Tempeiutore of 27“ C. 
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Benedict-Eoth metabolism apparatus." The basal metabolic rate was calculated 
from the Mayo Foundation standards for age and sex,® and the surface area was 
calculated from the tables of DuBois and DuBois.® 

PROCEDURE 

All observations were made in the morning, when the patients were in a 
basal metabolic state. The rectal themometer was inserted to a depth of 10 
cm. as soon as the patient reached the constant temperature room and remained 
in place during the morning’s obseiwations. The subjects lay nude in bed, 
covered only with a sheet. The room temperature was maintained at or near 
27° C., and the humidit}’' ranged between 45 and 50 per cent. In order to be- 
come accommodated to this environment, the patients lay at rest for one hour 
before observations were started. Three to eight sets of observations were 
made, from which it was possible to make two to seven calculations of peripheral 
blood flow. In some instances the oxygen consumption was measured at the 
end as well as at the beginning of the observations. In some instances ten- 
minute and, in others, twenty-minute intervals were chosen for making the 
measurements of sldn temperatures, and the formulas used in making the cal- 
culations "were adjusted accordingly.® 

OBSERVATIONS 

The results of the observations are shoivn in Table I and Fig. 1. 

Peripheral Blood, Floio . — The data are recorded in Table I, and the scatter 
diagram of the peripheral blood flow calculations is shown in Fig. 1. On the 
w’hole, the peripheral blood flow in the group with normal blood pressure was, 
greater than in the group with elevated blood pressure, although there was some 
overlapping. The average peripheral blood flow for the normal blood pressure 
group was 73 c.c. per square meter of body surface per minute, the same as that 
found in normal young individuals at this temperature.’ In the group with 
hypertension, how^ever, it wms only 55 c.c. per square meter of body surface per 
minute, or approximately the same as that found in normal subjects at the lower 
room temperature of 25° C. The average for the combined groups was 63 c.c. 
per square meter of body surface per minute. 

Rectal Temperature . — The average rectal tempei’ature for the group mth 
normal blood pressure was 36.95° G. ; for the group with hypertension, 37.32° 0.; 
and for the combined groups, 37.18° C. (Table I, Fig. 1). Therefore, the rectal 
temperature of the group with hypertension w'as 0.37° C. higher, on an aver- 
age, than that of the group with normal blood pressure, and in both groups the 
rectal temperature wms higher than it wms in normal young men, in wiiom it 
averaged 36.79° C. 

'Weighted Skin Temperature . — The weighted skin temperature averaged 
33,99° C. for the group with normal blood pressure and 33.92° C. for the group 
with hypertension; it was 33.93° G. for the groups combined, as compared with 
33.40° G. for the group of nonnal young men (Table I, Fig. 1). In short the 
average skin temperature was higher in this older age group with vascular disea.se 
than in the younger normal subjects. 



STEWART ET AL. : PERIPHERAL BLOOD FLOW TJIsDER BASAL CONDITIONS 349 

Temperatures of the Hands . — The average of the temperatures of the hands 
(Area 7) was 34.7° G. for the group of older subjects with normal blood 
pressure and 34.4° C. for the group with hypertension. That is to say that the 
average hand temperatures in the older group "with normal blood pressure are 
slightly higher than those in the group of normal young men, whose hand tem- 
peratures averaged 34.4° C. In the group -ndth hypertension the average hand 
temperature of 34.4° C. was the same as that in the normal group. 

Temperatures of the Feet . — ^The average of the temperatures of the feet 
was 33.4° C. for the group of older subjects with normal blood pressure and 
32.6° C. for the hj’pertension group (Table I, Fig. 1). The feet were therefore 
warmer in the group '\\dth normal blood pressure than in the group of normal 
^mung men in which the temperatures of the feet averaged 32.7° C. ; in the 
hypertension group ’the temperatures of the feet were slightly below normal. 

TeryperaUires of Other Areas of the Body . — For Areas 1 to 6, inclusive, of 
the body surface, that is, for the upper part of the body, the skin temperature 
was higher in the hypertension group than in the group with normal blood 
pressure, each being appreciably’' higher than in normal young subjects (Table I, 
Fig. 1). Beginning with the hands (Area 7), however, and continuing to the 
lower part of the body and the feet (Areas 7 to 11, inclusive), the relationship 
of the first two groups is reversed : in these areas the temperatures in the group 
with hypertension are cooler than in the normal blood pressure group. As com- 
pared mth normal young subjects, the gi’oup of older subjects with normal 
blood pressure, except for the shin (Area 10), show higher temperatures. On 
the other hand, in the hypertension group the temperatures' are lower than 
normal except in the hands (Area 7), where it is the same, and in the upper 
thigh (Area 8) where it is higher. The averages for the normal blood pressure 
group and hypertension group are higher than the averages for the normal young 
group for all areas except 9 and 10, namely the lower tliigh and shin. 

Blood Pressure . — The average of the blood pressure for the older subjects 
\vith normal blood pressure was 124/73, and 194/117 for the hypertension group, 
the average for the two combined groups being 156/98, as compared with 105/71 
for the group of normal young men (Table I, Fig. 1). 

Heart Bate . — ^The average heart rate for the older gi-oup with normal blood 
pressure was 65 per minute; for the hypertension group slightly higher, 77 per 
minute; and for both groups 72 per minute (Table I, Fig. 1). These are to be 
compared with the rate of 61 per minute in the group of noimal young men. ,. 

Basal Metabolic Bate.— The basal metabolic rate was essentially the same for 
the normal blood pressure and hy^jertension group, namely +-7 per cent and +9 
per cent, respectively, as compared with -5 per cent for the group of normal 
young men (Table I, Fig. 1). 

DISCUSSION 

It appears, therefore, from obsenmtions made on these patients that there 
are certain differences in the peripheral circulation in older men as compared 
with normal young men. This is the case not only in those older men with 



350 


AMERICAX HEART JOURNAL 


normal blood pressure but also in those with hj'pertension. In only one of tlic 
patients (L. M., No. 255998, Table I) in this study were there signs or sjonp- 
toms of occlusive peripheral vascular disease. In the normal young subjects 
already reported^ it was found that more blood was allotted to the periphery 
when the envii'onmental temperature was 27° C., than at a lower temperature 
of 25° C. 

The data relating to this older age gi'oxTp have been subjected to statistical 
analysis. On comparison of the hypertension group with the normal blood 
pressure group none of the differences were significant when the test of twice 
the standard deviation was applied; but there was a trend toward decrease in 
peripheral blood flow, increase in rectal temperature, and decrease in average 
weighted skin temperature, with increase in temperature of the upper parts of 
the body and decrease in temperature of the lower parts of the body. 

When the older people with normal blood pressure are compared with young 
normal individuals, again the differences are not statistically significant. The 
peripheral blood flows are the samo. The trend is for the rectal and average 
weighted skin temperature and the temperature of all the areas of the body to 
be increased in older people. 

Again in older people w'ith hypertension as compared with young normal 
subjects the differences are not significant, but there is a trend toward decrease 
in peripheral blood flow, an increase in rectal (all over 37° C. except one sub- 
ject) and in average weighted sldn temperature, and an increase in temperature 
of the upper part of the body and a decrease in the lower part. 

When the whole old age group, including those vuth hj^xertension as well 
as those with a normal blood pressure, are compared with normal subjects, no 
.statistically significant differences are revealed ; but again the trend is toward a 
decrease in peripheral blood flow', a rise in the rectal and the average -weighted 
.skin temperatures, and a I’ise in temperature of the upper part of the body and 
a decrease in the low'er part. 

How can these data be fitted together? There is a trend toward decrease in 
peripheral blood flow' w'hen there is hypertension, with a rise in rectal and a 
decrease in average w'eighted skin temperature, both as compared to normal 
young subjects and to older subjects with normal blood pressure. Also it would 
appear to be more than chance that the temperature of the upper part of the 
body is wanner and that of the low'cr part is cooler in these hypertensive subjects 
than in those subjects in the same age group w'ith noimal blood pressure, a 
pattei’ii w’hieh is similar to that exhibited bj' hypertensive patients in the earlier 
age group.’” 

SUMMARY 

The peripheral blood flow and skin and rectal temperatures have been 
measured in 25 m^le patients from 38 to 77 years of age, that is to say in patients 
in the older age group. In 12 subjects there were clinical signs of va.scular 
damage ■without hypertension, and in 13 there was also hypertension. In only 
one subject was there endeuce of occlusive peripheral vascular disease. TJie re- 
sults in these patients have been compared with those in nonnal young male 
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subjects. The peripheral blood flow was measured by a modification of the 
method of Hardy and Soderstrom. The following facts emerged: 

1. The average peripheral blood flow at 27° C, (room temperature) is inihe 
same range in older individuals with normal blood pressure, 73 c.e. per square 
meter of body surface per minute, as in younger male subjects, but is lower, 
namely 55 c.e. per square meter of body surface per minute in thos? \vith hjqier- 
tension, and approaches the value recorded for normal yormg subjects at the 
cooler environmental temperature of 25° C. 

2. The rectal temperature is higher in older people than in the young 
normal group (36.79° C.) and was sHghtty higher in the hypertension group 
(37.32° G.) than in the normal blood pressure group (36.95° C.). 

3. The average weighted skin temperature was higher in both the normal 
blood pressure group (33.99° C.) and the hjqiertension group (33.92° C.) than 
in younger subjects (33,74° C.). 

4. The skin temperatures of the indhddual areas of the body surface are 
warmer in the older patients with normal blood pressure than in younger 
individuals, except in one area, namely the shins (Area 10), where the tem- 
perature is lower in the older group. On the other hand patients with hyperten- 
sion in the older age group have a warmer sldn temperature in tlie upper part 
of the body, and a cooler temperature in the. lower part of the l3ody than do young 
normal subjects. The inference is that the peripheral blood flow to the feet is 
reduced, since their temperature is lower, and that the blood flow to the upper 
part of the body is increased, since its temperature is warmer. The reduction in 
peripheral blood flow in the lower part of the body is apparently greater than ■ 
the increase in the upper part of the body so that the net result is an average 
periplieral blood flow for the whole body whicli is less than tlie value in normal 
young males at the same room temperature. In short, it is comparable to the 
constriction observed in nomal j'omig subjects in an environment of 25° C. 

5. Patients Avith hypertension in this older age group show the same trends, 
but to a lesser extent, as are shoAvn by patients with hypertension in the earlier 
decades. 
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Paul Brindley, M.D. 

Galveston, Texas 

A lthough atrioventricular conduction disturbances are common and have 
been vudely studied, the subject needs further investigation. Block be- 
tween the two atria is rare, and little attention has been paid to it either experi- 
mentally or clinically. That it may occur has been recognized for many yeais, 
and a few undoubted clinical examples have been recorded. 

If the pacemaker of the heart resides in the S-A node, the excitation wave 
should first pass to the adjacent right atrium before reaching the left, whether 
the wave spreads like "fluid poured upon a flat surface, or through function- 
ally differentiated pathw'ays in the muscle bands. The existence of an interval 
between contraction of the two atria was first recognized by Chauveau® in the 
horse, and later by Hering® in the dying hearts of smaller laboratory animals. 
This observation was confirmed by Fredericq,^ Schmidt-Nielsen,® and Stasseii.® 
. This interval was measured electrically by Garten," who set it at 0.0128 to 0.0139 
second, apparently on the basis of experimental work done by Erfmann® and by 
Schneiders.® In 1916 Bachmann,^® using a mechanical method, obtained a 
similar average, 0.013 second. 

Dissociation between the two atria, either partial or complete, was first 
recorded in 1900 by Hering,® who also first emphasized that poor nutrition of 
the myocardium of the dying heart predisposed to block. Predericq* divided the 
two atria of hearts perfused by the Langendorff method and noted the develop- 
ment of independent rhythms in the two parts. Later studies”’ on hearts in 
situ supported these earlier experiments. Similai’ results wei’c obtained by 
Bachmann,^® Condorelli,^® and Scherf and Siedek.” 

Although Keith and Flack”' and ThoreP® thought that there were differen- 
tiated anatomic connections between the >S-A node and the A-V node, their view 
has never been substantiated. The presence of functionally specialized conduct- 
ing pathwaj's wdthin the atrial muscle bands was first postulated by Eystcr and 
Meek,^' who believed that they had demonstrated the existence of a special path 
from the S-A to the A-V node; later they*® offered additional evidence in sup- 
port of this theory in order to refute the ci-iticisra of Lewis and his associates.'" 
Rothberger and Scherf^® found that by tying one or both of two muscle bands, 
the first passing from the upper part of the S-A node to the left atrium, the 
second from the lower part of the S-A node along the Torus Lowerii through 
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the interatrial septum to the A-V node, it was possible to interrupt the con- 
du'ction of the sinus impulse to the ventricle and so to produce A-V nodal 
rhytlun. When both pathways were broken, they assumed that the spread of 
the sinus impulse was through numerous secondary pathways to the atria and 
A-V node. CondorellP^ listed eight separate connections betiveen the S-A and 
A-V nodes, the most direct of which were the two tied by Eothlierger and Seherf 
and a third originating in the middle of the S-A node and running into the inter- 
atrial septum. He stated that all fibers going to the A-V node united at one 
place in the lower part of the interatrial septum, between the coronary sinus and 
the fossa ovalis. If these pathways actually exist, one important implication 
of their presence would be the possibility suggested by Condorelli,"^ that their 
integrity, associated with impairment of fibers from the S-A node to the atrial 
muscle, might lead to shortening of the A-V conduction time as measured by the 
P-R. interval. 

Experimental evidence for the existence of a special pathway between the 
two atria was adduced by Erfmann.® Better kno^vn is the work of Bachmann,^® 
who described the interatrial bundle (Bachmann’s bundle) as follows: “In a 
dog’s heart of average size the right extremity of the band originates about 5 
mm, to the mesial side of the auriculoeaval angle and in a direct line with it. 
This extremity of the band is immediately back of the aorta and spreads in a fan- 
like manner onto the mesial (right) auricular wall and the root of the superior 
vena cava. Prom this origin the band sweeps in an almost straight line to the 
base of the left auricular appendage but, so far as superficial appearance in- 
dicates, its fibers can be traced to near the tip of the left appendage. The band 
is thinnest near its origin on the right side where it has an angular appearance. 
It then broadens gradually as it passes to the left auricle. The band is slightly 
concave from right to left, the concavity being directed upward. It has a length 
of about 20 mm.” Clamping tliis muscle band led to a prolongation of the inter- 
val between contraction of the two atria from a normal average of 0.013 second 
to an average of 0.05 second ; in one instance the interval was as great as 0.98 sec- 
ond. Rothberger and Seherf^® found that clamping this region produced various 
changes in the form of the P waves and an increase in the interatrial interval. 
They also observed a small artery which supplied this area. The origin and 
course of this artery was more carefully ascertained by Condorelli,^® who suc- 
ceeded in tying it in the experimental animal. 

In the human heart, Spalteholz®^ designated this vessel as the raimis atrialk 
sinister anterior. CondoreUi found that in the dog heart it might arise from 
the main left coronary artery or from the initial segments of either the anterior 
descending or circumflex branches. The latter origin was more common. Dia- 
grams in CondoreUi ’s paper show the arteiy clearly; it is also shown in Schles- 
inger’s diagram, reproduced from Spalteholz. In several instances Schlesin- 
ger’s®® x-ray photographs show the vessel and it may also be identified in Cross’ 
illustrations.^* One illustration in a textbook of anatomy-® shows the origin of 
this vessel. Shortly after its origin the artery sends an auricular branch to the 
left auricular appendage. The vessel then passes up and to the right, along the 
path of Bachmann’s bundle, terminating in small twigs to the wall of the su- 
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perior vena cava near the sinoatrial node. This latter region is also supplied by 
the ramus atrialis dexter anterior, which arises from the first part of the right 
coronarj' artery. 

Condorelli^^ found that ligature of the left anterior atrial artery produced 
changes in the P wave and in the sequence of atrial contraction which were 
similar to those produced by clamping or tying Bachmann’s bundle. In two in- 
stances fibrillation was present in the left atrium, while a sinus rhythm, con- 
ducted to the ventricles, persisted in the right atrium. Analogous dissociation 
was produced by tying the anterior descending coronary artery near its origin 
from the left coronary artery, and in one animal interatrial block was produced, 
beginning %vith two-to-one and later progressing to complete block, in which sinus 
rhythm was seen in the right atrium, while there was complete standstill of tlic 
left atrium. Similar results were obtained by Scherf and Sicdek’^ in poorly 
perfused Langendorff hearts and in heai'ts in situ whose interatrial artery had 
been tied. Condorelli and Scherf and Siedek emphasize .the impoidancc of an 
intact blood supplj* in maintaining normal relation.ships in the contraction 
of the two atria. 

Clinical examples of interatrial dissociation are relativelj' few. The first 
case was recorded by Sehrumpf,’® whose patient was a 37-year-old man with 
rheumatic mitral stenosis and aortic insufficiency. During an episode of acute 
hea'rt failure, he was given digitalis in toxic amounts. Electrocardiograms taken 
at this time showed two sets of P waves : P, with a rate of 64 per minute which 
was conducted to the ventidcles ivith a P-R interval of 0.20 second, and Pj with 
an independent rhytlun and a rate of 109 per minute, which was not conducted 
to the ventricles. Pj disappeared after three days, possibly because the digitalis 
was withdrawn. Schmmpf’s assumption that these two independent series of 
P waves were due to two active S-A nodes has not been gcnerall}* accepted. 

Scherf and Siedek'^ have repoidcd another case of partial interatrial block 
in a patient with an acute coronaiy thrombosis, which at necropsy was found to 
be in the left coronarj' artery just before its bifurcation into the circumflex and 
anterioi' descending branches. Complete A-V block -was present, and the inter- 
atrial conduction time varied between 0.24 and 0.40 second. Although Scherf 
and Siedek made no mention of the interatrial artery, its usual origin is just 
distal to the occluded area, and presumably the supply of blood to the inter- 
atrial band was deficient. 

^ Three more ca.ses were i-eported by Bay and Adams.-' Electrocardiogi'am.s 
of the first patient, a 22-year-old man with acute rheumatic fever, showed two 
independent sets of P waves: Pj with a rate of 85 per minute, conducted nor- 
mally to the ventricles; and P, ndth an avei’age rate of 113 per minute. The 
second patient was a 9-year-old girl, and the tliird a 25-year-old man with 
chronic glomerulonephritis; electrocardiogi'ams of both patients showed extra 
sets of complexes which may be atrial in origin, but whose appearance suggests 
strongly that they may be artifacts. Bay and Adams accepted Schrutnpf’s ex- 
planation for such findings and dLscimsed extensively the possibility of anatomic 
and functional separation of the S-A node into two parts. 
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In 1935, GeraudeP® recorded two instances of independent atrial rhythms 
in elderly patients with Gheyne-Stokes respiration. The P waves which were 
not conducted to the ventricles were more numerous during the polypneic phase 
of respiration. Duclos^® reported one example of independent atrial rhythms 
in a 9-year-old girl who had no cardiovascular sjnnptoms or other abnormal 
findings. Electrocardiograms showed two independent sets of P waves, one of 
which was regularly conducted to the ventricles. Tracings made on two sub- . 
sequent, occasions <^d not show these abnormalities. Dominguez and Bizzozero®° 
found an example of double atrial rhythm in a 6-day-oId infant; the P waves 
which were conducted to the ventricles occuri’ed at a rate of ISG- per minute; 
the independent P waves, of different contour and seen in both Lead I and III, 
had a rate of 110 per minute. Thej’’ found only this single case among two 
hundred newborn infants examined electrocardiographieaUy, although they 
quote Burghard and Wunnerlieh®^ as having observed the so-called “double 
commande” in ten of thirty-two infants. 

Lian and G-olblin^® have recorded a similar case. The patient, who was 71 
years old, had had a coronary artery occlusion five years before. The second 
examination was done because of convulsive seizures. The electrocardiogram 
showed two-to-one A-V block, with bundle branch block, as weU as deep Q waves 
in Leads II and III. Using the special lead designed to give large atrial com- 
plexes, from the manubrium to the fifth right intercostal space at the sternal 
border, Lian and Golblin recorded two series of P waves. One series, with a 
rate of 88 per minute, showed the two-to-one block; the other series, consisting 
of deeply negative waves, had a rate of 76 per minute and was independent of 
the first series. The authors point out that their cuives, which were obtained 
from a patient with coronary arterj'' occlusion, resemble those recorded by Scherf 
and Siedek in experimental interatrial block which was produced bj*^ clamping 
the small artery supplying the Baehmann bundle. 

Hertz^^ also reported one ease ; the patient was a 17-year-old giii who had 
had a large goiter removed a 3 'ear before because of tracheal compression. The 
electrocardiograms showed two sets of P waves, each occurring at about the 
same rate of 55 per minute, wth one set conducted to the ventricles with a P-B 
interval of 0.15 second. It is not certain that tlie two sets are independent ; there 
appears rather to have been a transient delay in interatrial conduction, with 
rapid return to normal. 

Luisada^* has reviewed the subject of both partial and complete interatrial 
dissociation, with particular reference to the work of his Italian colleagues. 
His omi electrocardiograms were simultaneous records of an esophageal lead, 
for the left atrium, and a mouth-xiphoid lead, for the right atrium. He demon- 
strated delay in left atrial response, particularh- in mitral stenosis, and showed 
several curves which he interpreted as representing flutter in the riglit atrium ‘ 
with fibrillation in the left. Delay in left atrial response in mitral stenosis 
was also described hy hlahaim.-’’^ The widely notched P waves that he described 
are exaggerated examples of the notched P waves commonly seen where there 
is enlargement of the left atrium in mitral stenosis. 
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Several cases are on record which have been interpreted as dissociation of 
the ati-ia, with longitudinal dissociation of the ventricles as well (Hoffmann^' 
Burghard and "Wunnerlich,®^ Kerr and Sampson,®" and GeraudeP®’ ®®). Other 
cases have been thought to represent interatrial dissociation, but have subse- 
quently received a different interpretation. The first such case was tliat of 
Wenckebach,^® who also was the first to propose a clinical diagnosis of inter- 
atrial dissociation. Other similar eases have been reported by Eoth,^* Daniel- 
opolu and Proea,^® Kure and Kaneko,^® and Lombardini and Aviles.^^ 

REPORT OP CASE 

Our patient was a 3G-year-old Negro woman, who entered the John Scaly Hospital on 
Oct, 9, 1944, because of severe nausea and vomiting of three weeks’ duration. Slio had had 
severe headaches during the preceding three years, and blurring of vision had been marked 
for three days before admission. Her blood pressure was 222/170j the fundi showed marked 
hypertensive retinopathy, with papilledema. On October 10, the blood nonprotein nitrogen 
was 57 mg. per 100 c.c.; the creatinine 5.1 mg. per cent. These values rose gradually, and, 
on November 10, the nonprotein nitrogen was 259 mg. per cent. Venous pressure and circula- 
tion time were normal. The gastrointestinal symptoms persisted, 'and in addition the patient 
suffered several attacks of severe epigastric and substemal pain. She became stuporous; 
muscular twitching occurred repeatedly; and on November 4 she had a generalized convulsion. 
On November 13 the heart was first noted to be irregular, vith apparent dropping of cveiy 
third beat. The patient died on Nov, 15, 1944. 

The electrocardiograms taken on October 10 showed changes consistent with hyper- 
tensive heart disease (Fig. 1), Surprisingly favorable changes took place during the next 
few weeks, so that, on November 7, the T waves in Leads I and II, which were previously 
negative, had become positive. On November 13 the bigeminy observed clinically was thought 
to bo due to atrial premature beats. The T waves in Leads I and H were high, the S-T 
segments were slightly elevated and the T waves in Lead CPj had become negative. These 
changes were associated with clinical evidences of uremic pericarditis. 

The curve taken on November 14 is reproduced more extensively (Fig. 2), particularly 
Lead CFj, since in this curve the atrial complexes are best seen. Preceding the first of each 
pair of ventricular complexes may be seen two atrial deflections; the first is chiefly positive and 
is followed, after an interval of 0.28 second by the second deflection, wliich, though diphasic, is 
chiefly negative. The second beat of the pair of ventricular complexes is preceded by tho same 
atrial deflectioms, which, however, are much closer together. In every instance tho QES com- 
plex follows the second negative atrial deflection after a uniform P-E interval of 0.18 second. 

At necropsy there were 600 c.c. of fluid in the right pleural space and 850 c.c, in the 
left. The abdominal camty contained 1,200 c.c. of clear straw-colored transudate. The peri- 
cardial sac contained 55 c.c. of opalescent fluid, and there was a thin fibrinous exudate on the 
pericardial surface, Tho heart weighed 650 grams; there was moderate atherosclerosis in the 
coronary arteries, but no occlusion. Early lobular pneumonia was present in the lungs, with 
edema and chronic passive congestion. There were ulcers in the esophagus, stomach, intestine, 
and colon. The right kidney weighed 200 grams, tho loft, 85 grams. The stripped surfaces 
were finely granular. 

The pathologic diagnosis included arteriolar nephrosclerosis, cardiac hj’p2rtrop^y> 
fibrinous pericarditis, ulceration of the gastrointestinal tract, pulmonary edema and early 
' lobular pneumonia, hydrothorax, acute edema of the brain, pyelitis, and fibromyomas of the 
uterus. 

Careful dissection of the coronary arteries showed a branch arising a few millimeter.^ 
from the origin of the left circumflex artery and snppljdng the loft auricular appendage and 
tho area of Bachmann’s bundle. This small vessel could bo traced across tho atria to the 
region of the S-A node and tho wall of the superior vena cava. Its course was perfectly 



DECHERD ET AL. : INTERATRIAL AND SINOATRIAL BLOCK \ 357 


■BMvaiKvs*^ «KPaa^(tkn» '^£<(f!84!9-s>«’vii«'»3i 

iMi»a«»«8j»« tapscxitt «»««»*! •f*yei'*cs‘o«e«'»ifP* 

B ««»«««««k ^ftsvaKWCCUBCl »^«u(irB\*ti«r«’«nBX3%vvk. ‘«Kpw«««ve»««« 

••••••nap ««a*C88VBR8S8( ■»■•»■« aeK’T«it»f<>‘«aB«c»cr'T*«»4> ’o «*»»«• •«■«*! 


miaaaiBB* « uva k r pa i, a«r « ^ 

HaiJkip' ««ir«r»Ri «»*Ki j» «■• ' ■ ' .«•: « k- 

iMiaaii iasi*Bra'iiip*i"ii!;' •,« iip 

WBBII «8 ‘taRWBSISkPlIPPPVI'- “■'»•"-•'»•. -•••••. «»■ 

MB aaaaii NaH8fc«riwpaHitf«. *»*.-•«. 

iiMrae«ri. Lii»a'>p»iirii:.hii; S' ^ >»• 

Bw ^«tic«*. 'PI ihSEWK '• *■ -■• 

M* j~i*t*a7 vbp.irb*.. ,.,■■■- d «• ■ '■■* f* 

*«■ •■ ••PBPiiaR* ■ ipaviP'fT ^>*9 4* {„„'',* ;7 . . ■*•••. 

•■r k*‘Br»«h «,'4^«R.niprE*iil, , ‘ ,i fc»«« 

■••a*, mtf « ■•P8« vf 1 1 1 1 ■ . .1 . . ,*‘.'** 

IA> ..*■!■■■■ W9»iiapiapi.;7i,j^' ‘ 

MBk' *4Eiiar. ...j .! ' < ‘ 

sv T ■.«««■*■ ivERHcaavBav.s, , .’.r,, 

!■». iBiaaai * a aa 'v t h. a r 3 1 ' . . . . .t'.* * 

lMi>«Ka»ai’ Bai.tkaf.Liibarj'1' , 1 ^.1’* 

piwaaiaa .#aia«ftapiit-8c«iri', 

tmi Bpaaf, awPRBfBhiP‘a4Ba:iiii •>,:< ••>•»•. 

aa»a«aRff a, ara *•«« ;v.‘Bar>;r. !(••>•■•, ' 

MBAaiativ 'K i 4 a r P a 19 1 ’B : Mi: •• . . •.■.i*. •. . ‘..V; 

tampiRacaa 1 3ipaa‘< 1 1 » < .« -.(•.I • 

arKiaaikPkP^. -‘••■■ai^-kBXva-. -■-■ »-.(*. it-?*-. 

BHB9RPBPaa.kEV>piaii*ii*4BP*ai-''i »•%» »>-4 aki.' 

■Makui 4.«.,, -*PN«aa9k~rpBar*:'ri“- ■••?;• •, 

aua Paappata *a«prak 9 ‘aai.p''>' «>* .i-i ti*' 

»«BBa9i%ip|, «apiai’riaarP"i-r 

pHa laa jaii»ria •lapT a- ,?-•■• • ^ 1 -. . . , , 

M'^aiaavaaiak iksLgaiMiair'i! « • *■• 

'insavavt »aawaa«aaai»ar»a»»«’' '‘iftTaicttJyii 
•■aapa*a*» .-“"•■•ppaa^pa BBai ■ ciuppif *. j 

f aaNiRRBRkif p.'ppa48Tai PI rm . . 

<a«f a aaa««a.~ *«BPPP a"«a IP ■ r p I . ..m, » . . 

■ ■■PaRaaap'. 'RaBaLPi^kapipi . ^ . . 

•laaakaaarfaa. *4Baa«4BP*raai •,.... .* 

‘avaaapaaaa ■«apppaPiB':s-i pi • •!• 

,aaa«i‘ Paata aaaakPAaaapak! 4 c. .i* « 

iPifa.hiaaai aaakbaapiaasai ih*). - .•• » .. ...‘ 

iPagBJaaaia* .arPaPBrapaiBPi ••■! • t • . . ... 

liBiBaii>".«aa'*4PP«".PBBakiapi ,■ 

iippaB, «■ « api kUBBia ap Nai ai r 

■ ■acpBap •RaaPBBB^pBiaifia'ji • . •• sj.t 

iBaapBaik •aatBi aaa'iapB«>ii 4_-» «« . r... • • 

itpp' ir^w BpRaif ppamaari <■• • > .r 

■ • 'R. IB* BBRaiBBPh: 4! atal • 1 . • 

•a I ah*'aa9BBahaaap I >b'. sr ! •.•11 

life "tPiPtl ''paaiaaiahaap* •.••p 

iBBPb* jBBPppi ihiPuBasiarPi 1 .- *•■ *pi • •• j 

laaiBkiBRapap” .aPaappaaajai : . a 

ipi aBBtaaBi. ai mpp taapap a ; i.* t 

la *■ dBBkBPB !BB1H8JiktaiPI t t. 

Iki • iPBBtaii avpaaatp^aai : ^ c * 1 . 

• BBk. .paaaap .«■ akBpaa paa an • 1 • ‘i* 

■iBBakpr «tip< B«4kfeahaaaaai : •*'*.. •« > -• 

iBapBaak ■aBaaaRBBflBvPkBflai'i*- • • <■ 

l■■BtaB■l4 ^jiiaa a • f PkkP b« ai ' * tr**’*-'!.. ... 

laPriaaaakhL Bphiaiiaaprkaaa! ■••• ,•••» 

ipppPiipvaBa l■a4latlal•*aLl;'‘' 
laBaBBpMasM_.~''"*aaaaB4aapai ■•.‘.ar 
l■l■■alaBlBtRBlaBaarrvaa9aP| ■'•■•*•> ' •••• . 

jBPBaaaBBPB**. '• aia via p ana f i l■“* >1 • • •«. 

l■RaaaBf PPaPkt aapataa’.kPki .• d. • *•..•.< • • « • 

ipPtaaaaBaPBaato ^apaaraPaas * a* .*r* * • 

laBaBBahBBBpar MB4aapBa'*kPi «< . . .. .. 

jiBBtaaBBCRiiBt iBBaakaaiaii* > * */ ,1 

SSSHipt ?^S225 •» M 5 a i?t bTp S ni! * * S ® ®* J ^ 5 • ® ‘ • 

ainwiis««tRB*» *'*«»«PBBr«B«a»l|5**f*J*5**'5«- ••fr»i i*.* 
■awaBaareerc' iC«««inr*a*«Mi(ff J? '**• * »' 

MkBPPkpawp aiaiapa«B*aPM< "* *,*,. , T : «••!.• 

•MpaHpBaairaia 'anaai • n*. * •’ *••• 

■BMpagapasa I'caj.pfapaii ‘j. ,*• !‘, *,*'** '••p 

fpB ipaaa ‘Pta 'M j . rat ai.c • i • I” „ ‘ J; ‘J ■* » « ■»•-- 

■nMaapaaa*' i*p***p*p'«'« 9 i'| T', 1 L?l. T .r?.*** * •••!•. 

i^wa aB^Pti^i isapiai p Piaaii 'L.! ** * 

wpi tattatPi u.gatp-; •• lai *1 Tl tSI 1 J.''?,’' .1 ' f-ill 

a— a ^pBappppg .■•jppppiipap .t( . •••« »••:••• 

paMaiBpaif 4s •ftttrPRttfpt f .f pk«r* 

Mw» ppp*gi<. atpapp 1 1 7 ' III. 

|naRftttfP4«.*-«<rp-p« •a«aap-i 


i.«>« f* .r 

. a I I . ■ 

. Ikp- 

, .J. . 4 ; - , 


iBpa'atttilpwk.'ae’a^x. 4ee.r9"^ •»«* p»» kp'.-o** 


.*•’? .::P.«h* 

• I- % • p I ■ fc I f 


• T I « • 

• • I . * .*4 I kr •« 

• I . t. tv** * « 


•“jpappiippp ,ti 
BtttrPit9V*pt 
akagaai i 

."rppptarr « 

••'fp-p* •aaaap-i 


? PJ 'P -m- m ga p, 

r "f p • p • • • * t**"** • tp • I 9*1* •••••« 


«p.* ..“••■•I'i ai>‘*iiiiP*ii«r 

i.ii»p»a» ‘pTi. ••■ ;>*’,'iia 

«kt **7 •' 4 p « • v*i 9 1 P k 1 * r ’ ■ • r a 
»f»* aa* -t'a-. pp 
:i:*.k • •...1*% 

aa.<i2.k«f |.2K..«at<a>r* 

•••••.• . .«< tp-‘»«gtl> ”1 

tfe**! *'1*444^91 tf a4‘«r«*i •• 

•••4*» •••aftllj 44l**ip*>il 
“kal ..fc»”*l 
• « 4.*P* •« I I V»«* ■ . I 

IP. -BIP' • ■rfcbpi 
f» tr* •••.rpp*'*»» ■“! p“p»"i4;i 

••'». •i*r.’.r4»«| 

• r • ••■•I 

• *• • •* •»,.» f* n , i .■» 

i*i.M**»k«i"P> ii*4k>i«pi 

t*tpi4p.iRf.>ppp. ak*ppak.**i 

.*-4. 4Pk-*>.a*| 


Bk« 4 iiiai . 4 a«p*P 4 PiZt*ii 
Pkttaaai Btvi «r*ir 7 pawai ,• 7 !!*?.*^' 

PppRaara '*wptppp**p;-p vi ' J i ’ ,V •■.i'**’* 
apataai* vfiapp i.v.*ki il *7* **■ 

flApaptaa « ppaa MPiff I*!, ' jJ 7111.’.“! 

PBRaaRNP .aa4a.'‘rpaPB’tl''^^ rp*ia***»t*B 


l■wkB«p•lsPfrPu\pps< 

IIBapaBaagi kBBaak- ^ . 

<■»»a*PIl-aPP4•a. *aai/ . 4 ,. . • 

'aPkPBkaagkidaaaa** 'P‘*4;*y*c' ■ -ni . 

lntpaaiBtvppprwRv.* niiiiiiklfi •iai-,i *' 1 . 4 * •«.••*.•’>.••• 

iBPpBRCBiatBgvapvi rtparf* 1 * 1 * 1 , r*i. art. '*r« 4 ' 

I ppaaBgtaaBaBBkiiaf »LP»»ia •• ,ki*t*». ».•&*-* ap..*:* 

ppB«PVh«tflinpTpa»*i. aa'^'tf.P**,!': v- i*r ». •> •«* 

IhBUBRI BBtaa aBB*! p.**!' i.'S'M VL.*>j««4>. •.•vf* •• • 

{•BBa«R*B4a94a«tBk-d ’>f PHPB Idk ^ I ■! « .rv*. »•• •» » l« 

laaaataaaaaakrB'aad «'';ppv«/ 

l■*a■aBaa 4 at d P a BPtr; i 4 %.kP 4 ii,a„ii » h*. •••;(••• •• •• *•> •. * 

■ BB aaapta pappB baa*) ■*•. • » :••.<*« ••.i.wp*: 'k. ?:'«>■ 

I a mbP • .*~****aaBBa”. faPPraki*i„v4 .n *.«r**’ppaik'''*i>*< 

!aaB-'mBaia«BaB»* ^a44'iPr":k.rKl •.**a."5<r 

ipaaakai •apaa^PBi •paaaaira 1 ,,*44i ..•*•4 . 47 * «:’p’ • 1 

lai li'saaaaaaP-Pia *aa.*Pkabi'. a*i4.*.ai''**' .* a»ir:p*>’ 

iBi -aia 19*89 IP a* aihaii' *i*«h. 4P *ri^«kb * ' 

la; pa iBaaBaiaiai* ni'Raa* ipia a ***r i” r«b .■•pa*.*. « «v«* :a*’a 

lab'Ha a.a'IRatRBli* PhB9B!:'4|ni*Pa;t< 4 * **. •«l.*.44 

IP" ■ iiPipaakagtiw. a*. 111 ■■.■*. I■»•..^a 1 ►••.. t:.*..**'*! 

Ipa laabaipaatPa/ 4»i*ii* ■■»■•»•. **9 *»»••! p.:a«4tr'« 

laapaa.BBkPaBBi'aBP^ •aiBipr"'- 71.#* 'i.s «r .b«*a< 


«*>. ; 7 * r ■ I 

** riBP I 
»• V.* • * f f 1* <*•: 
I 1 I*! . . • , a *1 

• * «n 

I lap.'lf'p.lt 

a ’ I « » . a ■ 7 t I 

I* •ip-i*9i.*ri 

r * * • • *. I 7 .* I 


•9 "a. > •; 4«b '<’&tre9t»BKt 


t B *. I d . I I 1 . ■ 

/ivitrra** .PPf 

• ■ • ...r Ilr ^ fcp * I I 
<■ 1 *. • 14 *b. av 


*n a"*;rr**/ 4«;a»-a*a;Tia*r«' 

• «• an-, ■ .••T4*r • •'b*i’'* 

B9*J •k.?;"**’ ••.••••**'.11 'Via 

.**. • 

**>rrai«**k«< . **4»7it*-i*’ii.’l 


IRBc ai r aasP Bi'aa a P "T i*b« 99 v i r i 1 • • "i * **•' 
lavaatr a p aa I ai I 4 9Pr ai#at*>,'" '*■>■.•’.7 

laRaRaa^baaaiiakap'a ■.•apr.i »«••• t i 

l»iaa«3a*iB4Bi B««>i-»*-...4a,-B. ' ; 

aBaa**.. . j:* ** ■ *■ ■ P 4 kP par a PI ,1 ' B**«fa 
B»BtB«B»PP47itapaf lB"aB** 
paaaaaaBa: pdRBh'i 4P1-.PP1 .. *. 

ipaaaa lacBPPar *h •.vra-prsp 7 

aaaPiafePaa-aaibaP. 'appi-bi " 

aaaaaam.i * aa <pai ■i*i' 9 rB !” 
jaaBaBaaavB3api-*B 1 la.iarra ■ ar r . 


a?*,* B r-5’V\ 

9r*9** 4" ••*•••*■ .e« 





i" r»* 7 k* 5 * * Ilf' 'i#! F-. F 

• « •frf ■. * »:**I*Bl'tBN| VI'l 

.•|«,«a«««ip«, ■P4l9**|<'. ^ 

*■. .*!» I.P 

• *.-a9*«^*.H • IVIpiBr* ■*. 


.|Ji* -••»*» 

• a * B r 


/ ,■ a k ■ I V. 

*. ftla.iP: *3 


?■*• 4BPa9'«a«1S7H 

I ■ * ase aFCoiff 

■ ■ . • il'saeefeBdie 




2.~Tho Uirce Umb U'aJa nml Lead IVie on >rov. l-l. 1944 , are ahomi In the first two lines. The Inst three lines, 4. //, nn/l C, iiro all 

Lead CF» J B and O are continuous strlpsi. See text and FIfr. 9 for conunent. 







DECHERD ET AL. : INTERATRIAL AND SINOATRIAL BLOCK 


359 


analogous to that of the vessel described in. the dog heart hy Condorelli.21 Multiple sections 
taken along the course of this vessel showed no evidence of obstruction. The only liistologic 
abnormalities were those due to a moderate uremic pericarditis; the muscle tibers were hyper- 
trophied but otherwise normal. 

The large branch of the right coronary arterj’ which supplies the region of the S-A node 
was likewise carefully dissected and examined. Grossly there was no obstruction^ and sec- 
tions of this vessel showed only a slight intimal tibro.'^is at one point which decreased the size 
of the lumen only slightly. 

COMMENT 

The electrocardiograms of this patient show partial block lietween the two 
atria, \vith loss of normal synchronous excitation. In the absence of any 
demonstrable anatomic disruption of intra- and interatrial communications, this 
asjmchrony must be presumed to be on a functional liasis. 

The two complexes of atrial origin cannot tvith certainty be identified with 
right or left atrial activity. Since the second complex is constantly related to the 
QRS complex, it is most lilmly due to right atrial excitation ; if this is true, the 
first atrial complex must, then, be due to left atrial excitation. The converse 
interpretation is not impossible, since ventricular response to left rather than 
to right atrial activity was demonstrated experimentally by Scherf and Siedek.^‘‘ 
This point cannot be determined from the electrocardiogram alone. A simul- 
taneous jugular pulse tracing would have enabled us to identify the response 
of the right atrium, but unfortunately the patient died before we realized the 
desirabilitj’’ of such a record. 

The wide separation of the two atrial complexes which precede the first of 
each pair of ventricular beats suggests a partial interatrial block. The atrial 
complexes which precede each second ventricular beat adjoin each other closely, 
though each portion can be identified. The same phenomena were present in 
the electrocardiogram of November 13 (Fig. 1, Lead CPg), but tliey were so in- 
conspicuous that they Avere overlooked at that time, and the bigeminy was in- 
terpreted to be due to atrial premature beats. The closer approximation of the 
atrial complexes preceding the second of each pair of ventricular complexes may 
be evidence of facilitation of conduction between the two atria, although the 
explanation nfiiich foUoivs seems more logical. 

Partial A-V block with dropped beats may be of two kinds: Type I, the 
■Wenckebach type, in which the P-R interval gradually increases until an atrial 
complex is blocked; or Type II, the hlobitz type, in which the P-R interval is 
uniform until sudden blocking of an atrial complex takes place. Type I is com- 
monly caused by the action of digitalis, while Type II is more likely to be the 
result of disease of the conduction pathways. The same concepts may be ex- 
tended to S-A block. 

The common variety of S-A nodal arrest or block needs little comment, since 
it has been adequately discussed."*® The occurrence of the Wenckebach phe- 
nomenon, with progressively greater delay in conduction between the S-A node 
and the atrial tissues, has rarely been commented upon, though it has long been 
knoAvn to exist. In 1908, Rihl"*® described such a physiologic mechanism quite 
clearly, basing his reasoning on polygraphic records. Lewis^ showed diagram- 
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matically an instance of S-A block in which the impulses from the S-A node 
reached the atria “after a delay which varies according to the duration of the 
preceding periods of rest.” In an electroeai’diographic study of one hundred 
children with scarlet fever, Wickstrom^^ observed three instances of this variety 
of S-A block. A similar example was described and analyzed by Liilir^®; the 
patient, an elderly man who had received large amounts of digitalis dining the 
treatment of congestive heart failure, showed a varying four-to-thrce, five-to- 
four, and three-to-two block. Blumberger^® discussed a single example of each 
type of S-A block, and later®'’ reported a second instance of the Wenckebach 
type, Vedoya et al.®* reported four examples of S-A block, in three of which 
the sinoatrial conduction time increased progressively. Katz®® illustrated this 
phenomenon in his recent text. 



Fig. 3. — ^Diagrammatic representation of Intracardiac conduction corresponding to the 
complexes shown in Fig. 2. A, JS, and O. The usual mechanism is a thrcc-to-two sinoatrial 
blo^, with the Wencltebach t>T)c of progressively increasing sinoatrial conducUon time to the 
Orst atrial complex, and uniform conduction time to the second atrial complex until block ap- 
pears. In line B there are two cycles of two-to-one block, and In line O a single cycle of 
four-to-three block. 


It is probable that true complete block between the two atria, or between 
one atrium and the S-A node, exists in those reported cases of interatrial block 
that have shoum two independent sets of P waves. On the other hand, what 
seems to he partial interatrial block may actually he partial .sinoatrial block; 
Hertz’ case®* may be an example of this. 

Careful measurements of the atrial complexes in our tracings show tliat 
the second negative complex (Fig. 2, Lead CPj) occurs at a fairly regular 
rate of about 80 per minute (interval about 0.75 second), with each third beat 
usually dropped. This implies a three-to-two block betv'cen the S-A node and 
the atria. The same mechanism may also be assumed to explain the vaiaablc 
position of the first ati’ial complex of each pair; this concept is shovm diagram- 
matieally in Pig. 3. In this figure conduction from the S-A node to the tivo 
atria is represented by slanting lines, in the conventional manner, with the 
length of the lines and their anglas roughly proportional to the conduction lime. 
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The time at which S-A nodal discharge occurs must be, of course, entirely 
hyjiothetical. The conduction time from the S-A node to the (left?) atrium is 
shown to progressively increase, a behavior which is analogous to the Wencke- 
bach type of A-V block. The conduction time to the (right?) atrium is uni- 
form; A-V conduction time is constant until the block occurs. In each instance 
there is usually a three-to-two block; for a short period, Fig. 2, B, and 3, there is 
a two-to-one block ; in the last line. Fig. 2, G, and 3, where there is transient slow- 
ing of the S-A nodal rhythm, the block is four-to-three. Thus, the assumption 
that the Wenckebach type of block is present between the S-A node and one 
atrium, and the Mobitz tj^ie of block betAveen the n^de and the other atrium, 
logically explains the varying inteiwals of time between the two individual atrial 
complexes. 

It is possible to measure tentatively the relative conduction times from the 
S-A node to the two atria. If the S-A nodal discharge is assumed to occur 0.01 
second before the first of the two P waves, and if the conduction to the second 
atrial complex is uniform, increasing sinoatrial conduction times may be de- 
duced for the three unpaired complexes of Fig. 2, 0. These periods are 0.01, 
0.11, and 0.17 second, respectively. Thus the greatest increase in conduction 
time is found in the second cycle of the group, a feature that is characteristic 
of the Wenckebach type of A-V block. 


SUMMARY 

Sinoatrial block 'of two types has been described; (1) with progressive pro- 
longation of sinoatrial conduction time leading to a dropped beat; and (2) 
dropped beats without such preceding conduction changes. These are strictly 
analogous to the Wenckebach and the Mobitz types of atrioventricular block. 
The literature on this subject has been surveyed, together with available in- 
formation on the postulated anatomic and functional' pathways of inter- and 
intra-atrial conduction. 

We have postulated that, in the present case, both varieties of sinoatrial 
block coexist, thus explaining the variable distance between the two types of P 
waves. Such a hypothesis also requires the assumption of functional pathways 
between the S-A node and the two atria, with dissociation of the two atria, and 
with partial dissimilar block between each atrium and the S-A node. Although 
interatrial di^ociation, both partial and complete, and each variety of sino- 
atrial block have been previously described, so far as we have been able to learn, 
their coexistence has not been previously noted. 
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Clinical Reports 


SPONTANEOUS MEDIASTINAL El^IPHYSEMA 

A Case Beport Demokstratiko Electrocardiographic Changes 

jVIajor Oscar A. Palatucci, M.C., and 
Lieutenant Colonel James E. Knighton, M.C. 

Army op the United States 

W ITHIN a period of twelve months, three instances of mediastinal einpiiy- 
sema with and without pneumothorax came to our attention at an Army 
Station Hospital. The first was found in a soldier who some months previ- 
ously had had a thoracotomy because of pulmonary abscess of the upper lobe 
of the left lung. Subcutaneous emphysema was present and ivas quite exten- 
sive. The second occun’ed during an attack of bronchial asthma in a patient 
with chronic asthma and was complicated further by left pneumothorax. The 
third example, which may properly be called spontaneous, in that no definite 
causative factor could be found, will be reported in detail. 

We 'wish to add this ease to the groiving literature on this subject and, 
at the same time, to present an intei’esting electrocardiographic finding Avhieh 
we believe has not been demonstrated previously. Hamman^ states that the 
electrocai’diogram in mediastinal emphysema does at times show abnormalities, 
but that the changes are not marked. He has not observed the changes that 
we wish to report, 

CASE REPORT 

The patient, wliite, 40 years old, was a master sergeant with twenty-three years of 
Army service. He was hospitalized because of precordial pain. There was no hislorj- of 
familial or hereditary disease. Except for the usual childhood diseases, the patient I'od 
enjoyed perfect health. Ho had no serious illness or injury and had undergone no opera- 
tion, On the day prior to hospitalization a sharp, st.abbing pain which prevented deep 
inspiration had developed in the left lower side of the chest posteriorly. The pain gradu- 
ally diminished and after seven hours ceased completely. The next morning the patient 
awoke feeling perfectly well. About £1:00 am., while at his do.sk, he was again seized witli 
a severe pain in the left upper side of the chest and the tip of the left shoulder. The pain 
radiated to the left side of the neck and along the left costal margin. The pain was con- 
stant, -was intensified by deep breathing, and was accompanied by profuse sweating. Ko 
other sjTiiptoms were present. 

The patient was obviou.sly in acute distress because of thoracic pain. The tempera- 
ture was 97® F., the pulse rate 88 per minute, and the respirations IG per minute. The 
blood pressure was 122/74. The patient was 73% inches in height and weighed RIO pounds. 
Positive physical findings were present only' in the anterior left side of the chest. Jn the 
supine position the heart sounds wore barely' audible. Adventitious sounds tvere present 
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but Tvere limited to faint clicking noises, synchronous "witli systole, over the precordium 
and along the left sternal border. "When the patient assumed the sitting position, there 
Tvas a marked increase in the abnormal sounds, which then became the typical crunching, 
crackling, popping noises which have been described as characteristic of mediastinal em- 
physema. In addition, the heart sounds became much more clearly audible and seemed to 
130 normal in tone and character. 



Fig. 1 . — Tlie tracings A, taken with the patient supine, and B, made in the sitting posi- 
tion, were obtained while mediastinal emphysema was present. The tracing marked O was 
made in the supine position after reabsorption of air from the mediastinum. 


The laboratory reported no urinary abnormality, and the erythrocyte and leucocyte 
counts were well within normal limits. Eoentgenographic examination of the chest in 
postero-anterior, lateral, and oblique projections revealed no evidence of pneumothorax or 
of air in the mediastinum. The heart was normal in size, shape, and position, and the lung 
fields were reported to be healthy. The electrocardiographic findings null be discussed later. 
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The pain subsided u-ith bed rest and mild sedation. Treatment uns enlirclj- sympto 
matic, and all abnormal findings disappeared Trithin nine days. The soldier then rotnrned 
to duty, and when last seen, nine months later, reported that he had experienced no fur- 
ther difficulty. 

An electrocardiogram was made on the third hospital day. Only the three standard 
limb leads were ‘obtained, and these were normal except that the voltage was slightly lower 
than normal. On the sixth hospital day, electrocardiograms, including Lend I\T, were 
made with the patient both supine (Fig. 1,-4) and sitting (Fig. 1, B). A comparison of 
these two tracings reveals practically no change in the limb leads. In the .apical procordial 
leads, hotvever, there are marked differences in voltage. In Lead IVF, taken with the 
patient supine, the voltage is dcfinitclj’’ lower than normal, whereas in Lead IVF, made 
with the patient in the sitting position, the voltage is within normal limits. The total 
excursion of the QRS deflection of WF taken supine measures less than 6 mm.; whereas 
in IVF taken in the upright (sitting) position the amplitude is 14 millimeters. The T 
waves present similar variations in voltage. On the ninth hospital daj', when adventitious 
sounds could no longer be heard, a third tracing of Lead FV’^F was obtained with the pa- 
tient supine (Fig. 1, C), This was practical!}' identical Tvith the tracing obtained three 
days previously with the patient upright. In an electrocardiogram made in the supine 
position nine months later, the limb leads did not differ from those shown in Fig. 3, J 
and B. The precordial lead of this later tracing was identical with the earlier prccordial 
lead made in the supine position when physical signs were absent (Fig. 1, C). It was also 
identical with Lead IIT? made in the sitting position when physical signs were present 
(Fig. 1, B). It does differ considerably from Lead FVF taken supine when the emphysema 
was present. 

DISCUSSION 

Hamman's original description of spontaneous mediastinal emphysema is 
contained in an article bearing the title ‘'Remarks on the Diagnosis of Coro- 
nary Occlusion.”^ 'A' few years previously, in a discussion entitled “Angina 
Pectoris,” Wolferth and Wood^ described an instance of pneumothorax with 
precordial knock occurring after severe exertion. Recognition of the pathog- 
nomonic auscultatory finding, Hamman’s sign,^ has done much to eliminate 
erroneous diagnoses, although mediastinal emphysema, when mild in degree 
and uncomplicated by either subcutaneous emphysema or pneumothorax, prob- 
ably continues to go unrecognized.® Moreover, intrathoracic vascular acci- 
dents are still confused ■with this condition- and must be differentiated there- 
from.®’ ^ The first diagnosis in the case reported herein was coronary disease. 
This is readily understandable when one considers the rather sudden onset of 
precordial pain radiating to the left shoulder and side of the neck, the profuse 
perspiration and shocklike picture, and the very feeble faint heart sounds while 
the patient •^vas in the supine position. The fact that x-ray examination failed 
to demonstrate air in the mediastinum or pleural cavities seemed to strengthen 
the original impression, Ho-vvever, the characteristic chest signs and the re- 
turn of the normal heart tones w'hen the patient assumed the upright position 
left no room for further doubt as to the correct diagnosis. It was the marked 
change in intensity of the heart sounds which change in posture ■\vhich led to 
the taking of electrocardiograms in both the supine-and sitting positions. The 
resultant wide discrepancy in voltage obtained in Lead 1‘VP is clearly por- 
trayed in Mg. 1. 

The explanation vdiich immediatelj’’ occurred to us was a mechanical one. 
We thought that as the patient arose from the supine position the heart moved 
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anteriorly, this displaced the air in the anterior mediastinum and permitted 
the heart to come into contact with the anterior chest wall. This resulted in 
an accentuation of the crunching noises, and, as a result of the heart's being 
closer to the chest piece of the stethoscope, an intensification of the cardiac 
sounds. Conversely, when the patient reclined, the heart fell back, displacing 
air which had accumulated behind it, and allowed the air to return into the 
anterior mediastinum. This caused the heart sounds to become faint because 
a layer of air now separated the heart from the chest wall and stethoscope. 

We believe the insulating effect of air in the anterior pericardial tissues 
is responsible for both the faintness of the heart sounds heard on auscultation 
and the low voltage in the electrocardiogram. It is lmo"vvn that the magnitude 
of the potential variations produced by the heartbeat at any point outside the 
heart itself diminishes rapidly as the distance from the epicardial surface 
increases.® The interposition of air between the heart and the precordial elec- 
trode would not only increase the distance separating the two, but would also 
further reduce the magnitude of the potential variations, since air itself is a 
poor conductor of electricity. Wilson® states that, in precordial tracings taken 
on patients with pneumopericardium produced after aspiration of fiuid, the 
deflections are usually extremely small. Evidence to support the suggested 
mechanism of the changes observed in this ease is found in the electrocardio- 
gram obtained when all the mediastinal air had been reabsorbed, as deter- 
mined by the disappearance of adventitious sounds and the return of the nor- 
mal intensity of the heart tones with the patient supine. At this time Lead 
IVF (Fig. 1, C) was identical with Lead WF obtained three days earlier -with 
the patient in the upright position. The apical lead obtained nine months later 
with the patient in the supine position is also similar to the two mentioned 
previously. 

This proposed explanation was submitted for comment to Dr. Franlc N. 
Wilson, who graciously replied that with air between the precordial electrode 
and the heart one could probably expect findings similar to those observed in 
this case. Should it be found that other cases present the same, or similar, 
variations in physical and electrocardiographic findings with change in posi- 
tion of the patient, the changes we have described may prove to be of diag- 
nostic importance, particularly in questionable cases in which pneumomedias- 
tinum is not. demonstrable by roentgenography. 

SUMMARY 

1. A ease of spontaneous mediastinal emphysema is reported. 

2. Electrocardiographic changes not pre^dously reported were observed. 
These changes are demonstrated. 

3. The possible etiology of these changes is discussed. 

4. Possible diagnostic value is ascribed to the findings which are described. 
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PURE CONGENITAL PULMONARY STENOSIS 

* 

Case Report 

Major AleXxVNder N. Freed, M.C., akd C.vptain Joseph Bhdnitz, 

pULMONARY stenosis in the heart ^vithont additional congenital defects is a 
A rare occurrence. In a clinical and postmortem analysis of 105 cases of con- 
genital heart disease hy Gibson and Clifton"^ only two cases were found with 
uncomplicated pulmonary stenosis. The 1,000 cases of congenital heart disease 
analyzed by l\raude Abbott^ include only nine such cases. The bibliographj' of 
these cases was recently compiled by Bauer and Astbury^ who noted that the 
ages at the time of death were 10^/^ to 45 years witli an average age of 22.8 
years. Congenital pulmonary stenoses which allowed an average life expect- 
ancy of nearly 23 years were obviously not as marked or as severe in degree 
as the one to be reported here in which the opening in the stenotic valve was 
2 mm. and the subject died of right-sided heart failure at the age of 11 months. 


case report 

iirs. G. consulted one of us (A. N. F.) about lier 8-montli-old daughter because, ever 
since birth, the following symptoms had been noted: (1) rapid and, at times, noisy breath- 
ing; (2) a heart rate that seemed faster than normal; and (3) extreme irritability. The 
mother related that tliis was her first child and that the birth had been perfectly normal. 
The family history was noncontributory. According to the mother, the infant was never 
blue. The patient took her feedings well but cried a great deal, in fact almost constantly, 
and for no apparent reason. 

Physical examination revealed a well-developed and very well-nourished 8-month-old 
infant. There was moderate cyanosis. No dyspnea was evident. The respiratory rate 
was 24: per minute. The pulse rate ranged between 100 and 120 per minute. The lungs 
were clear to percussion and auscultation. Examination of the heart revealed a diffuse 
heaving impulse over the precordium. The apex impulse was in the fifth intercostal space 
at the left anterior axillary line. A systolic thrill was palpable over the pulmonic area. 
Auscultation revealed the presence of a loud, harsh, high-pitched systolic murmur, most 
intense in the second and third intercostal spaces to the left of the sternum, and trans- 
mitted to the left axilla and back. There was no clubbing of the fingers or toes. 

A roentgenogram of the chest, taken when the child was 8 months old, revealed a 
marked increase in all cardiac measurements and an especially prominent pulmonary conus 
(Fig. 1). 

An electrocardiogram, also taken at 8 months of age, showed sinoauricular tachy- 
cardia, a rate of 150 per minute, abnormally high P waves in all leads, very deeply in- 
verted T waves in Leads II, III, and IVF, increased amplitude of QRS complexes, and a 
very marked right axis deviation (Fig. 2). 

Clinical Course . — The infant was seen by us at various intervals and presented no change 
until she was 10 months of age. At this time the mother stated that she cried constantly, 
would not take her feedings, and vomited frequently. The infant now showed moderate edema 
of the upper eyelids and the cyanosis was more marked. There was dilatation of the external 
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jugular veins in the neck. The liver was enlarged and tender, its edge being palpable 3 finger- 
breadths below the right costal margin. The spleen was not enlarged. In spite of all thera- 
peutic measures her course continued downhill. Edema soon appeared on the ankles and 
there was evidence of fluid accumulating in the abdomen. Two weeks before death a few 
moist rales appeared at both lung bases. The respirations gradually became more and 
more labored, and the cyanosis w'as more intense. At the age of 11 months, after suffering 
from right-sided heart failure for flve weeks, the infant expired. 



FIs. 1. 

F1&. 1. — RoentEcnoffram taken at the age of 8 months. Note the generalSzciJ cardiac 
enlargement and the prominent pulmonary conus. 

Fig. 2. — Electrocardiogram made at age of 8 montlis. Note the unusually JtlKh P 
Indicating auricular enlargement; the marked right axis dcvlaUon and Invert^ T waves 
Leads 11 and HI Indicating an enlarged right ventricle; and tlie high-voltage QRS complexes 
which arc usually associated with Increased mass of cardiac muscle. 


Pertinent Autopsy Observations . — The pleural cavity contained a small amount of straw- 
colored fluid. The thymus was not enlarged. The lungs were voluminous and showed 
marked congestion throughout. There were no areas of consolidation. The heart (Fi?- 
3, A) weighed 102 grams (average normal for age; about 30 grams). The right auricle was 
greatly hypertrophied and dilated and measured 7 cm. in diameter. It had a smooth cado- 
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cardium. The foramen ovale was not patent. The trienspid valve had a circumference of 3.5 
cm., and it.s cusps were smooth and glistening. The wall of the right ventricle was grcatlv 
hypertrophied (Fig. 3, B), its thichness measuring 1.5 cm. at the base. Tliere was no inter- 
ventricular septal defect. The pulmonary artery was found a.nterior to the aorta. The 
pulmonarj- valve showed complete fusion of its leaflets mth only a pin-point perforation at 
the point of union (Fig. 3, C). This opening was only 2 mm. in diameter. The endocardial 
surface was smooth and glistening. The pulmonary artery was dilated for a distance of 2 cm. 
above the valve. The left auricle was small, measuring 2 cm. in diameter. Tlic mitral valve 
had a circumference of 2.5 cm. and its cusps were smooth. Tlie endocardium of the left ven- 
tricle was also smooth and glistening. The wall of the left ventricle measured 1 cm. at the 
base. The aortic valve showed no abnormalities and measured 2.5 cm. in diamclcr. The 
ductus arteriosus was not patent. 


DISCUSSION 

The most interesting feature of this case was the unusually small opening 
in the pulmonary valve which, measured only 2 mm. in diameter. Such a small 
opening seems hardly compatible with life, especially when there was no other 
congenital defect through which the blood could be slnmted. Yet this patient 
lived to be 11 months old and finally died of chronic right-sided heart failure 
which became clinically evident one month previously. The electrocardiogram 
and roentgenogram revealed corroborative evidence pointing to a heart in 
which the right cardiac chambers were preponderant. The tremendous effort 
required to force the blood through the narrow pulmonary opening was mani- 
fested by the great hypertrophy of the right ventricle. The mechanism in- 
volved in producing the hypertrophied right auricle is also clear; evidently 
it was caused by the increased work required to force blood into the ventricle 
which was already partially filled with blood. Tliere was no evidence of any 
acute or chronic inflammatory reaction in the myocardium or endocardium, 
and the cause of fusion of the pulmonary leaflets has no rational explanation. 

SUMMARY 

A case of congenital iiulmonai’y stenosis, with no other associated con- 
genital defects of the heart, is reported. Death was caused by chronic right- 
sided heart failure at the age of 11 months. 
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MYXO]\IA OF HEART 


W. 0. Brown, M.D. 

- Houston, Texas 

P RIMARY myxoma of the heart is of sufficient raritj’-, and is associated with 
such diagnostic and therapeutic difficulties, that tlie reporting of an addi- 
tional case is considered worth while. 

CASE REPORT 

C. C., a 35-year-old white liouse\\dfe, was first seen in April, 1941, because of the sudden 
onset of paralysis of the left forearm. The past history and family liistory w’ere irrelevant. 
Physical examination and neurological examination revealed nothing significant except the 
paralysis of the left forearm, which was of the upper motor neuron type. Laboratory findings 
and x-ray studies of the skull and chest revealed nothing abnormal. Physical therapy and 
supportive treatment resulted in some improvement. 

She was admitted at iniervals for the next year for study but no definite conclusions 
were reached. Over a period of months the paralysis improved slightly. She was last admitted 
Nov, 5, 1943. Her husband stated that a few hours previously she had awakened from 
sleep complaining of severe abdominal pain and had had an involuntary stool in bed. 

On admission she seemed confused mentally. The abdomen was distended and tender in 
the lower quadrants. The lung fields were clear and the heart sounds were recorded as normal. 
The blood pressure was 110/80, the pulse was 100 per minute, and the respirations were 30 
per minute. The paralysis of the left arm had not changed since the last admission. 

The serology was negative. The erythrocytes numbered 4,500,000 per cubic millimeter, 
and the leucocytes numbered 9,200. The differential count was normal. The sedimentation 
rate was 27 mm. in forty-five minutes (Cutler). The spinal fluid was normal in all respects, 
A blood culture showed no growth at the end of twelve days. 

A few days after admission the patient developed temperature elevations up to 104° F. 
The heart was found enlarged with the apex 13 cm. to the left of the midsternal line. A 
gallop rhythm was present. The heart sounds were "roughened,-’' and there was a faint 
systolic murmur over the mitral area. Moist rales appeared in the lung bases with findings 
consistent with a hypostatic bronchopneumonia. The patient rapidly became worse and 
died Nov. 8, 1943. 

Autopsy . — The significant findings consisted of a mj-xoma of the left atrium and 
numerous infarcts, of varying ages, of the brain, spleen, kidneys, and lungs. 

The heart -weighed 375 grams. Arising from a narrow base just below and posterior 
to the old foramen ovale was a soft papillomatous grayish pink tumor 7 cm. in diameter. 
It was composed of soft, rubbery, translucent tissue with numerous fingerlike processes that 
hung suspended through the mitral orifice. In the fissures between these processes were 
numerous thrombi. The cut surface of the tumor had a homogenous semigelatinous appear- 
ance. Elsewhere the endocardial surfaces were smooth and glistening, and the valve leaflets 
thin and pliable. The mitral valve ring appeared slightly dilated, measuring 11.5 cm. in 
circumference. The coronary arteries and aorta appeared normal. The lower lobes of the 
lungs were largely collapsed and airless. Scattered through the posterior aspect of both 
lungs were several recent infarcts which measured up to 2 cm. in diameter. The pleural 
surface of the infarcts was dark and bulging and the cut surface was dark red in color and 
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firm in consistency. The spleen weighed 275 grams, and scattered tlirough tlie pulp n ere numer- 
ous infarcts measuring up to 2.5 cm. in diameter. These appeared of varying ages and had 
cut surfaces varying from a mottled yellow to a dark purplish red. The right kidney weighed 
180 grams and the left weighed 220 grams. Both contained several infarcts measuring up to 
3.5 cm. in diameter, some of which appeared of recent origin. The intervening parcnchvma 
appeared normal. The brain weighed 1,350 grams. There was an irregular coitical atrophy 
of either parietal lobe, which was more marked on the riglit. There was a large area of old 
softening involving the operculum and the base of the precentral gjnis of the right hemisphere. 
This area was depressed and had a mottled yellow surface. The underlying brain .substanee 
showed softening with several small cystic cavities measuring up to 1 cm. in diameter. The 
blood vessels about the base appeared normal. The other organs showed nothing of significance. 



Flff. 1. — Left ventricle of heart showing tumor Fig. 2. — Tumor of left atrium. (XGtO-l 

in situ. 


Evamination of microscopic sections of the tumor of the left atrium showed it to have 
a relatively acellular structuie composed of large stellate or poljdiedral cells separated by a 
large amount of palely staining, faintly fibrillar or homogenous material. The cells had 
round, evenly chromatic nuclei and were frequently binucleated. The cytoplasm stained 
palely and was frequently drawn out into processes that seemed to merge with the stroma in 
many instances. The heart itself appeared normal. The old area of softening of the right 
cerebral hemisphere contained areas which had undergone liquefaction. These were surrounded 
by a zone of fibroblastic and glial proliferation with dense focal collections of gittcr cells 
filled with ingested lipoid material. Parts of the area were impregnated with old blood pig- 
ment, and the blood vessels of the vicinity had prominent cuffs of gitter cells. Scattered 
through both hemispheres were other minute scans having a similar structure, and interpreted 
as being on a similar basis. Sections of the lungs, spleen, and kidneys showed the usual 
changes of infarction. The other organs showed nothing of significance. 

COMMENT 

It is suiTirising that such a lesion as an intracardiac tumor of the size de- 
scribed here should not be associated ivith more obvious physical findings referable 
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to the heart. However, that such a state of affairs is not unusual with cardiac 
tumors is shown hy previous contributions to the literature.^’ ^ It should be 
noted, however, that the enibolic phenomena which provided the only objective 
findings in the case reported here were not encountered in most of the other 
eases in the literature.® That there was some interference with normal cardiac 
function might be inferred from the conspicuous cardiac hypertrophy, after 
allowing for the weight of the tumor, in the absence of hypertension, organic 
valvular disease, or arteriosclerotic changes. The sudden attack of abdominal 
pain which brought her to the hospital the last time might be explained by a 
sudden ischemia of a portion of the gut by an embolus which was too small to 
result in infarction, or which momentarily occluded the mouth of one of the 
mesenteric arteries, only to be carried on in the aorta to produce one of the renal 
infarcts. 

"Wliile other types of tumors have been reported to arise in the heart, 
myxomas account for the majority of primary benign tumors of the hearts of 
adults. Although other parts of the heart have been mentioned as the primary 
site, these tumors show a propensity for involvement of the left atrium, fre- 
quently in the region of the old foramen ovale,® and, except for individual varia- 
tions, present, a tjrpieal structure.^' ® 

ThoreP has objected to the majority of reported primary myxomas of the 
heart and believes that they are organizing thrombi,* There has been a notable 
tendency on the part of most of the authors of subsequent reports to accept 
metaplasia in an organizing thrombus as the probable pathogenesis of the tumors 
in their cases.^® It seems germane to the question to remember that a myxoma 
is a specific oncologic entity and its normal tissue homologue is a differentiated 
but poorly specialized tissue. There seems to be no basis for assuming that repair 
processes such as organizing thrombi should give rise to myxomas within the 
cardiac chambers and not in the peripheral vessels, where most thrombi occur. 
The author has been unable to find any evidence indicating that thrombi in 
peripheral vessels ever terminate in myxomas. The cardiac ventricles, which 
are frequently the seat of thrombi, are practically never the site of myxomas, 
iloreover, the histologic structure of both myxomas and organizing thrombi 
should obwate confusing them,^®’ 

The occurrence of a fibromyxosarcoma and ulcerated lesions in the pul- 
monary artery led Haythorn and his co-workers,^® to postulate a probable origin 
of the tumor in their case from neoplastic changes originating in an organizing 
thrombus which developed over an atheromatous ulcer. Although thrombi do 
form over atheromatous ulcers, when encountered at autopsy they frequently ap- 
-pear recent, as though they had developed in the slowing circulation incident 
to the moribund state. The older ones commonly show central degeneration 
and liquefaction without any conspicuous attempt at organization. 

It should be remembered that interference with the nutrition of the tissues 
through the alterations characterizing atheromatosis, is a principal factor 


♦Ravid and Sachs,' in calling attention to an error by Haythorn Rav nnfl Wr.ifP3o 
Thorel® as considering Bachmelster’s case“ to be "an edematous b^’ t^^bu^’ insYead ^of a 
true tumor Such a reference cannot be found in 'Thorel’s article, and dcSy nSflstlr-t 
case came to necropsy tw’o years after Thorel’s article appeared In the literature 
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underljdng the production of an atheromatous ulcer. It seems questionable 
whether or not tissue so affected could support an active proliferative process. 
Finally, the occurrence of myxomas in otherwise nonnal hearts, in which thci'c 
is no basis for assuming a pre-existing thrombus as in the ease reported here, 
is additional evidence that cardiac mj'xomas are probably associated with 
thrombotic processes only as coincidental phenomena. 

SUMMARY 

The occurrence of a ni3'xoma of the left atrium of the heart is re])ortecl. 
Embolic phenomena which have been rarelj* encountered in previously reported 
cases were most prominent in the clinical picture of this ease. attciiipt is 
made to evaluate the role of organizing thrombi in the pathogenesis of cardiac 
mj'xomas. The conclusion is thej'’ play little if anj' part in the development of 
such tumor's. 


* EEPERENCES 

1. Doane, Joseph G., and Pressman, Robert: Ante-Mortem Diagnosis of Tumors of the 

Heart, Am. J. M. Se. 203: 520, 1942. 

2. Lisa, James R., Hirschorn, Louis, and Hart, Crawford A.: Tumors of the Heart, Arch. 

Int. Med. 67: 91, 1941. 

3. Beck, Claude S,: An Intraperi cardial Teratoma and a Tumor of the Heart; Both Re- 

moved Operatively, Ann. Surg. 116: 161, 1942. 

4. Maun, Mark E. Polypoid Thrombus of the Left Auricle, With Report of a Case, 

Am. Heart J. 26: 549, 1943. 

5. Ravid, J. M., and Sachs, Jacob: Tumors of the Heart, Am. HkART J. 26: 3S5, 1913. 

6. Hamilton-Paterson, J. L., and Castleden, L. I. M.; Intracardiac Tumors, Brit. Heart 

J. 4; 103, 1942. 

7. Dexter, R., and Work, J. L.: Alyxoma of the Heart, Arch. Path. 32: 995, 1941. 

8. Orr, John W.: Endothelioma (Pseudomyxoma) of the Heart, .1. Path. & Baot. .6-1: , 

125, 1942. 

9. Thorel, Gh.: Pathologic der Kreislauforganc, Ergebn. d. allg. Path. u. Anat. 9: 901, 

1903. 

10. Haythom, Samuel B., Ray, W. B., and Wolff, Regis A.: Primary Pibromyxosarconins 

of the Heart and Pulmonary Artery, Am. J. Path. 17: 261, 1941. 

11. Bachmeister: Zur Kasuistik der Primaren Ilcrzgeschmilste, Centralbl. f. allg. Path. u. 

path. Anat. 17: 257, 1906. 

12. Warthin, A. S.: Mj-xoma-Like Growths in the Heart, Due to Localizations of 

Spirochaeta Pallida, J. Infect. Dis. 19: 138, 1916. 

13. Fawcett, R. E. M., and Ward, E. Alilford: Cardiac Myxoma, Brit. Heart J. 1: 219. 1939, 

14. Ewing, James: Neoplastic Diseases, ed. 4, Philadelphia, 1940, W. B. Saunders Co., pp. 

187-188. 



Letters 


To the Editor: 

My experience in over one hundred thousand examinations of the hearts of Merchant 
Seamen in a two and one-half year period is not in complete accord with the conclusions 
stated by-Niehaus and Wright in their article, ‘'Facts and Fallacies About the Normal Apex 
Boat,” in the December, 1945, issue of the American Heart Journai/. 

The normal apex beat is seen in a minority of examinees at rest. The number may be 
increased by a lateral view in a good light. 

The normal apex beat maj' be palpated in a majority of men without exercise. Contrary 
to the usual description of the apex beat, it is more often a subtle slight movement of a small 
area of the precordium than a definite thrust. The more sensitive the hand of the examiner, 
the more apex beats will be felt. 

IVlien examinees are subjected to a short period of exercise, and their precordia are 
palpated with the men bending forward and at the end of forced expiration, well over 90 
per cent of apex beats may be palpated and a large number may be seen with the same 
technique. 

The accuracy of these observations Avas tested by chest x-ray of every man and fluoroscopy 
of the doubtful cases. Percussion Avas a A'aluable though static and indirect check on the 
position of the apex beat. 

Diificulty in palpating an apex beat AA’as usually due to obesity or a thick chest AA’all 
in normal men, and occasionally in abnormal men to a flabby systole in a dilated heart. The 
effect of age on the apex beat was not evaluated. 

(Signed) 

Edavin Quinn 

P.A. Surg. (R) U.S.P.H.S. 

1G2 Navy Walk 

Fort Greene Houses 

Brooklyn 1, N. Y. 

Feb. 14, 1946 

To the Editor: 

It is to bo regretted that Dr. Quinn did not have his clinical assistants record Ms ob- 
servation at the time each of his examinations Avas made. Such a record Avould have been 
formidable. He undoubtedly Avould have found that a critical analysis of his recorded facts 
of the “subtle slight movement of a small area of the precordium" could not have been 
identified in the majority of instances as a reliable first rate physical sign, even Avith a 
“more sensitive hand." 

Physical diagnosticians differentiate betAA'een “an apex beat" and an “apex thrust." 
We must insist,- hoAvever, that an apex beat has definite features, which are not too elusive. 

Dr. Quinn’s observation that the apex beat can be made more apparent by exercise, 
by bending foiavard, and by palpating at the end of the expiration seems valuable. HoAvever, 
this is not the usual method folloAved in eliciting this physical sign. In examining large groups 
under certain conditions it is conceivable that his modified, additional method would be 
valuable. 

(Signed) 

Frederick W. Niehaus, M.D. 

Willis D. Wright, M.D. 

1622 Medical Arts Building 

Omaha 2, Neb. 

March 5, 1946 

/ 
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Selected Abstracts ' 


Allen-Williams, G. M.: Pulse Pate and Blood Pressure In Infancy and Early Childhood. 

Arch. Dis. Childhood 20: 125 (Sept.) 1945. 

An investigation of anthropometric methods Tvhich was carried out in municipal 
day nurseries at Oxford offered an opportunity for studying under standard conditions, the 
resting pulse rate and the ranges of blood pressure in healthy children, aged 6 months to 
5 years. 

The pulse rates were taken daily for a week during the afternoon rest hour when the 
cliildren had been sleeping soundly for some time. The mean pulse rate per minute in 
children aged 0 to 12 months was 122 for males and 109 for females; in children aged 1 to 
2 years it was 109 and 110, respectively. At 2 to 3 years of age the pulse rate fell to 100 
among males and remained at this level up to 5 years of age. The mean pulse rate among 
females was found to decline regularly after they reached the age of 1 year, and at 4 to 5 
years it was the same in both sexes. It was noted that there is a greater variation in the 
sleeping pulse rates of children in the same age group than there is in the daily sleeping pulse 
rate of the individual child. 

Blood pressure was recorded very carefully from the right arm during the morning and 
only when the child was quiet and cooperative. The cuff had a width of 4 cm. for children 
under 2 years of age, 6 cm. for children 2 to 4 years of age, and 8 cm. for children 4 to 5 
years of age. The mean blood pressures for males and females, respectively, were: at 6 to 
12 months, 88/59 and 92/G2; at 1 to 2 years, 96/G6 and 95/65; at 2 to 3 years, 98/63 and 
92/CO; at 3 to 4 year.®, 99/GG and 99/64; and at 4 to 5 years, 99/C5 and 99/66. There was 
an apparent tendency for systolic blood pressure to increase wth age up to 4 years of age 
and to decline between 4 and 5 years of age. There was found to be a high correlation 
between the systolic and diastolic pressures, but no significant correlation between blood 
pressure and body weight in childhood. The author belicvos that his observations suggest 
a phy.8iotogic change in the circulatory system of children at the age of 2 to 3 years. 

LAPI.ACK. 


Enrrows, A., and Stokes, W.: Merctirlal Diuretics. Intolerance as Shown by Skin Sensi- 
tivity. Brit. Heart J. 7: 161 (Oct.) 1945. 

Nine cases are reported in which skin crj'thema followed the administration of 
mercurial diuretics. Patch t&=ts were made in all cases; tlus test is recommended as useful 
in determining the presence of sensitivity of the skin, especially when accumulation of the 
drug is suspected or when continuation of treatment i.s desirable after cutaneous sensitization. 

Tlie author.': point out that many patients wth sustained high dosage of mercurial 
diuretics show no signs of intolerance. Sensitization, idiosyncrasy, or allergy may be of 
different degree*. Sldn rashes and itching, without other complications, would seem to indicate 
moderate sensitivity. Tlierc appears to be a threshold concentration of mercury in the blood, 
above which signs of allergy develop. This threshold may varj' with the individual patient. 
Excc.ssivo dosage, poor diuresis, and renal impairment favor accumulation of the drug. The 
occurrence of cutaneous complications does not preclude further use of mercurial diuretics 
in adjn'tod do'age once the pha.*o of sensitization is past. LAri.ACK, 
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Evans, W., and Lewes, D.: The Carotid Shudder. Brit. Heart J. 7: 171 (Oct.) 1945. 

In nine patients in whom subsequent clinical, cardiographic, and cardioscopic examina- 
tion established the presence of aortic stenosis and incompetence, the authors noted a 
charactenstrc sign which by itself permitted a diagnosis, of the combined aortic lesion from 
inspection of the neck. This sign consisted of a momentary quiver or vibration which oc- 
curred at the height of the carotid pulse and was named the “carotid shudder.” It is not 
found in all cases of aortic incompetence and stenosis but its presence is a sure indication 
of the dual lesion. Laplace. 

Cottrell, J. D., and Hayward, C, W.: The Effects of Emetine on the Heart. Brit. Heart J. 
7: 169 (Oct.) 1945. 

Changes in the electrocardiogram, blood pressure, and pulse rate produced by emetine 
and emetine bismuth iodide have been studied in soldiers under treatment for amebiosis. All 
were otherwise healthy, and the initial electrocardiograms were normal. Diminution or in- 
version of the T .waves occurred in one or more leads in 25 of 32 patients receiving emetine 
and in 12 there was an increase in the P-B interval of from 0.02 to 0.04 second. )Similar 
changes occurred during treatment with emetine bismuth iodide; seven of eight cases showed 
diminution in T waves and prolongation of the P-R interval. The cardiogram returned to 
normal eight to twelve days after completion of treatment. The effect on the blood pressure 
and pulse rate of both drugs was insignificant, and in no case was there any clinical evidence 
of myocardial insufficiency. Laplace. 

Gregory, R., and Levin, W. C.; Studies in Hypertension. V. Effect of High Spinal Anes- 
thesia on the Blood Pressure of Patients With Hypertension and Far-Advanced Renal 
Disease — ^Its Possible Relationship to the Pathogenesis of Hsrpertension. J. Lab. & 
Clin. Med. 30: 1037 (Dec.) 1945, 

Observations were made on the blood pressure changes produced by high spinal anes- 
thesia in cases of hypertension with far-advanced renal disease. The study was dictated 
by the authors’ belief that the elevated blood pressure of hypertensive patients with far- 
advanced renal arteriolar disease would not fall as much under spinal anesthesia as would 
the blood pressure of patients vsith hypertension and normal renal function under the 
same conditions if the initial blood pressure elevation were due to a humoral substance 
produced in the kidney. Twelve hj’pertensivo patients with uremia, ten having essential 
hypertension, one acute glomerulonephritis, and one chronic glomerulonephritis, were studied. 
Their fall of blood pressure during spinal anesthesia was equal to that similarly produced 
in patients with essential h}-pertension and normal renal function. This result is considered 
evidence that even in patients with extreme irreversible arteriolar disease as shown by clinical 
and chemical evidence of uremia, the elevation of blood pressure is due to increased vasomotor 
tonus. Laplace. 

Wolf, R. E., Rauh, L. W., and Lyon, R. A.: The Prevention of Rheumatic Recurrences in 
Children by the Use of Sulfathiazole and Sulfadiazine, J. Pediat, 27: 51G (Dec.) 1945. 

The authors report their experience with the effectiveness and reactions of sulfathiazole 
and sulfadiazine employed in groups of rheumatic children during the period of 1943 to 1945. 
The dosage used was sulfathiazole 0.5 Gm. twice daily or sulfadiazine 0.5 Gm. once daily. 

There were no recurrences of rheumatic fever during treatment in a group of 70 children 
who received the drugs for a total of 81 patient seasons. One child developed subacute 
bacterial endocarditis while being treated and another developed it during the summer be- 
tween treatment periods. One child developed rheumatic fever at the latter time. A few mild 
reactions occurred in the form of albuminuria, leucopenia, and skin rashes. These occasionally 
appeared as late as five montlis after inauguration of treatment. On the basis of this study, 
it appeared that this type of prophylactic therapy is safe and effective but should be con- 
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tinucd throughout the year and sometimes for two years. The patient should have com- 
pletely recovered from his infection before prophylactic treatment is started. L.vtl.ace. 

Hines, L. E., and Kessler, D. L.: .Ineffectiveness of Penicillin in Some Cases of Bacterial 

Endocarditis. Quart. Bull., Northwestern Univ. SI. School 19: 296 (Winter Quart.) 

1945. 

There are many cause.s for the inefTectivencss of penicillin in the treatment of sub- 
acute bacterial endocarditis. The patient maj* die of valvular heart disease in the .sumo 
manner as a patient ^Yho had never acquired bacterial endocarditis. Pathologic and 
clinical variations such as mycotic aneurysms, nephritis, myocarditis, cerebral embolism, and 
pulmonarj- infarction may be critical complications. Inadequate dosage of penicillin is often 
a cause of failure, especially in the presence of relatively insensitive organisms. Finally, 
penicillin itself may bo harmful; practically no serious toxic effects have been reported, but 
allergic reactions are not rare. Laplace. 

Naide, M., Sayen, A., and Comroe, B. I.: Characteristic Vascular Pattern in Patients With 

Eheumatold Arthritis. Arch. In(. Med. 76: 139 (Sept.) 1945. 

The basal vascular tone of a group of patients wdth rheumatoid arthritis was found 
to be high when studied bj' means of a test used for grading vascular tone. The test 
cmploj’cd involved determination of the degree of vasoconstriction and vasodilatation as 
reflected in temperatures of the fingers and toes during a cool period and during the 
application of moderate heat to tlic trunk in a constant-temperature room at 20° C. 

The high grade of vascular tone was present in the unaffected or the less affected 
digits or extremities so that this typo of vascular response appears to bo characteristic of 
individuals who develop rheumatoid arthritis. The tendency for the peripheral vessels in 
these patients to constrict easily may be one of the basic factors in predisposing them to 
rheumatoid arthritis and to flare-ups of the condition after emotional upsets and exposure to 
cold. 

Subjects with early rheumatoid arthritis may have a dissociated type of tcmporalurc 
response to cold and reflex heat in their digital vessels which permits early diagnosis of the 
condition in some patients. Naide. 

Gross, K. E.: Surgical Correction for Coarctation of the Aorta. Surgery 18: 673 (Doc.) 

19-45. 

The author operated upon two patients with coarctation of the aorta following 
demonstration in dogs of the feasibility of removing segments of the thoracic aorta and 
re-establishing the arterial channel by end-to-end sutures of the vessel. In each oC the two 
cases reported, the narrowed and obstructed part of tJie aorta was resected and the con- 
tinuity of tho vcs.scl was then rc-e.stablished. In both patients the anastomo.sis was satis- 
factorily completed but in tho first patient, a 5-ycar-old boy, quick removal of the clamps 
resulted in tho sudden opening of a huge vascular bed with immediate cardiac dilatation and 
death. In the second patient, a 12-ypar-old girl, the aortic clamps were removed very slowly 
over a period of ten minutes so that the cardiac and circulatorv' readjustments were brought 
about more gradually. In this patient, who survived, the pressure and pul.«alions in the lower 
extremities returned gradually until they wore fairly normal by the seventeenth postoperative 
d.ay. Tiicrc was a concomitant decrease of the }u*pertcnsion which had previously existed in 
the arm.s and upper portion of the body. Naide. 

Tyson, M, T>., and Goodlett, W. C.: Venous Pressures in Disorders of tho Venous System 

of the lK)wcr Extremities. Surgery 18: 6G9 (Deo.) 1945. 

The authors measured the venous prcs.surc in the lower extremities of patients with 
'.hrombophlebitis of leg vein.s. The normal venous pressure at the ankle witli the patient 
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in the supine position and the table tilted so that the anterior surface of the foot was level 
with the auricles was found to be 2 to 9 cm. of water. ’^Vlien the femoral vein was occluded 
by a blood clot, the venous pressure at the ankle was elevated. In one such patient the 
venous pressure at the ankle of the affected leg was 49 cm., whereas on the unaffected side 
the venous pressure was 2 centimeters. Following ligation of the femoral vein the venous 
pressure at the ankle was 60.5 centimeters. In several of the patients, the high venous 
pressure declined gradually following femoral ligation as collateral circulation improved. 
Tlie fall in venous pressure was attended by a corresponding reduction of edema. I^aide. 

Member, S., and Bruger, M.; Experimental Arteriosclerosis. VUT, The Effect of Feeding 
Olive Oil on the Absorption and Deposition of Cholesterol. Arch. Path. 40: 373 
(Nov.-Dee.) 1945. 

The authors found that when olive oil was added to the diet of rabbits in addition to 
cholesterol, the levels of blood cholesterol were slightly higher than when cholesterol was added 
alone. The deposition of cholesterol in the liver and the aorta was decidedly greater with the 
combination of olive oil and cholesterol than with cholesterol alone. Naide. 

Grossman, 0. M.: Pneumococcal Pericarditis Treated With Intrapericardial Penicillin, 
New England J. Med. 233: 689 (Dec. 6) 1945. 

A case of pneumococcal pericarditis caused bj* Type VIII pneumococcus is reported. The 
patient was a man, aged 30 years, who was treated with penicillin wliich was administered 
parenterally and by intrapericardial injection. The first intrapericardial injection of penicillin 
consisted of 20,000 Oxford units. A second intrapericardial injection of 15,000 units was made 
thirty-six hours later. Recovery was uneventful. Although the intrapericardial administration 
of penicillin was not regarded as unquestionably responsible for the cure, the author believes 
that this procedure is warranted by the fact that the treatment of pleural and sjnovial infec- 
tion is more successful when penicillin is used locally iii addition to the parenteral route. 

Beleet. 

Crafoord, C., and Nylin, G.: Congenital Coarctation of the Aorta and Its Surgical Treat- 
ment. J. Thoracic Surg. 14: 347 (Oct.) 1945. 

Two cases of coarctation of the aorta arc reported in wdiich surgical treatment w’as 
employed successfully. The patients were aged 12 and 27 years. The operation consisted of 
resection of the constricted part of the aorta and suture of the proximal and distal portions. 
The first operation was performed on Oct. 19, 1944, and the second on Oct. 31, 1944. Con- 
valescence was uncomplicated in both cases. The patients were re-examined in March, 1945, 
and at that time were in excellent health and had returned to their former duties. Hj'perten- 
sion had been replaced by normal blood pressure. The blood pre.ssure in the legs had likewise 
returned within the normal range. 

The authors regard the operative results in these cases as evidence in favor of the 
mechanical theory of the cause of hypertension associated with coarctation of the aorta, 

Bellet. 


Wedd, A. M., and Blair, H. A.: The Action of Acetylcholine and Epinephrine on the 

Turtle Ventricle. Am. ,T. Pln-siol. 145: 147 (Dec.) 1945, 

The action of acetylcholine on the turtle heart was investigated because in earlier 
work the refractory period was determined by a faulty method. The effect of acetylcholine 
on contractility was observed on ventricular strips suspended in a bath and stimulated 
rhythmically, the refractory period being determined from the Q-T interval of the electro- 
cardiogram. • Contraction height and diastolic length were decreased and the refractory- 
period was slightly shortened. This action required much higher concentrations than those 
needed to produce the so-called inhibitory effects and was offset by atropine. It was believed 
to represent a direct action on myocardial fibers. The respon.se to carbaminoykholino 
(“DoryN’) was found to be similar to that of acetylcholine. 
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The action of epinephrine on ventricular strips was studied in a similar manner. The 
results were strikingly irregular. The mechanically recorded contractions were at times in- 
creased and at other times decreased. The effect on the electrical responses of strips was 
likewise irregular, making it difficult to say that epinephrine has any definite influence 
on refractory period or conduction. Laplace. 

Haney, H. P., and Lindgren, A. J.: The Effect of Acetylcholine on the Atropinized 

Denervated Heart. Am. J. Physiol. 145: 177 (Dec.) 1945. 

This investigation concerns the possibility that acetylcholine exerts a direct stimulatory 
action on heart tissues or on ganglion cells -within the heart, an action which is independent 
of and in opposition to its cardiodepressor influence. Dogs were subjected to removal of the 
stellate and upper five or six thoracic sjunpathetic ganglia and section of both vagus nerves. 
In three dogs, the adrenals were demeduUated or denervated. At the beginning of each ex- 
periment, atropine sulfate, 2.G mg. was given intravenously. The dogs were trained to lie 
quietly during the experiments. Acetjdcholinc was administered by venous infusion in doses 
of 1 to 4 mg. wliilo the heart rate was recorded by means of the electrocardiogram. In 21 
of 25 experiments on eight dogs, the heart rate increased more than 11 beats per minute with 
a maximum of 238 beats per minute. The time interval between the injection of acetyl- 
choline and the onset of tachycardia was four to seven seconds. The brevity of this time 
interval is evidence in favor of the existence of a direct stimulatory action by acetylcholine 
either on the atropinized heart tissue or on intracardiac ganglion colls having a cardio- 
accelerator function. Laplace. 

Ealston, H. J., CoUings, W. D., Taylor, A. N,, and Ogden, E.: Venous Eetum in the 

Absence of Cardiac Drl-ve. Am. J. Physiol. 145: 441 (Jan.) 1946. 

. Venous return in the absence of cardiac drive has never been fully explained. 
Skeletal muscle tone has been regarded as an important factor. The phenomenon was 
therefore studied in acute experiments on dogs and cats by clamping the aorta and pul- 
monary artery and measuring the amount of blood which drained from the azygos vein. 
The amount of blood recovered in this procedure -was 40 ml. per kilogram of body -n-cight 
when light anesthesia was used, 27 ml. per kilogram of body weight when the animals were 
curarized, and 23 ml. per kilogram of body -nmight when dead animals, twenty-throe 
minutes after experimentally induced ventricular fibrillation, was used. Control animals 
which were bled without arterial clamping yielded 46 ml. per kDogram of body weight. 
Thus a large proportion of the blood which can bo drained from the azygos vein in the living 
animal with intact circulation can still bo obtained after cardiac drive is eliminated. Splenic 
contraction appeared to contribute little if any blood to the total yield but skeletal muscle 
activity accounts, apparently, for about half the total yield. Elastic forces persistent in the 
tissues even after death may account for the remainder of the blood yield. Lai'Lace. 

MacNeal, Ward J., Ble-dna, A., and Poindexter, C. A.; Clinical Arrest In Entcrococcal 

Endocarditis. Am. J. M. Sc. 211: 40 (Jan.) 1946. 

Attention is called to tho neglected recognition of Streptococcus faccalis as a cause of 
bacterial endocarditis. The authors estimate that it is tho infecting organism in 10 to 15 
per cent of such cases. They report tho case of a man, aged 34 years, who had kno^vn valvular 
heart disease since 1927 and developed bacterial endocarditis late in 1943. Eepeated blood 
cultures were positive for Sir. faccalis and the organism was found to be rather resistant in 
vitro to the bacteriostatic action of neoarsphenamine, mapliarsen, thiobismol, and penicillin; 
very resistant to sulfonamides; and quite susceptible to enterococcus bacteriophage. Tho 
patient was treated predominantly with thiobismol, penicillin, and bacteriophage for a 
period of nine months, followed by continued treatment with bacteriophage. Tho disease 
appears to have been arrested for a period of over a year. Laplace. 
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GuBner, E., SUvertoue, F., and Ungerleider, H. E,: Eangc of Blood Pressure in Hyper- 
tension. J. A. M. A. 130: 325 (Feb. 9) 1940. 

The current status of pressor and depressor tests in InTpertension is reviewed, to- 
gether with present concepts of the etiology of hypertension. The importance of know- 
ing the majdmum and minimum range of the blood pressure is emphasized. The authors 
recommend breath-holding or brief inhalation of spirit of ammonia as the most satis- 
factory method of obtaining the maximum pressor level, and hyperventilation combined 
with carotid pressure for obtaining the basal depressor level. Emplojonent of these pro- 
cedures makes it possible to differentiate humoral and neurogenic components in cases of 
hypertension. The authors believe that the neurogenic or vasomotor component is the 
important determinant in the initial elevation in blood pressure. In later stages, as the 
result of renal arteriolosclerosis and ischemia, the renal pressor mechanism becomes in- 
volved. In older age groups arteriosclerosis of the medullary vessels with ischemia of the 
vasomotor system maj'’ be a contributing factor in heightened vasomotor pressor activity 
and hypertension. Naide. 

Cardozo, E. L., and Eggink, P.: Circulation Failure in Hunger Edema. Canad. hi. A. J. 

54: 145 (Feb.) 1946, 

The circulation was studied in 29 cases of severe malnutrition. Characteristic features 
were a slow pulse rate, ranging from 40 to 50 per minute, a low blood pressure with s 3 'stolic 
levels under 100 mm., and a low pulse pressure. The circulation time (using 10 per cent 
magnesium sulfate) was prolonged; in 76 per cent of the patients it was more than 
20- seconds and in the more serious ’cases it was more than 30 seconds. The circulation 
time was increased in the absence of apparent evidence of heart failure. The electrocardio- 
grams showed low voltage and brad 5 'cardia. Eoentgenographj’- failed to reveal evidence of 
any cardiac enlargement. The basal metabolic rate ranged from -20 to -40 per cent. The 
serum protein level was low, particularly the albumin fraction. The hemoglobin averged 
between 60 and 70 per cent. Bellet. 

Logue, E. B., and Hanson, J. F.: Electrocardiographic Changes Following Heat Stroke. 

Ann. Int. Med. 24: 123 (Jan.) 1946, 

A case is reported in which significant electrocardiographic changes occurred during 
heat stroke. The authors found relatively few similar reports in the literature, although 
the cardiac complications of heat stroke have been generally recognized and consist of 
dilatation of the right ventricle and subendocardial hemorrhages. In experimental heat 
stroke, various arrhythmias have been produced. In the present case, the electrocardio- 
graphic changes consisted of inversion of the T waves in all leads, with slight S-T segment 
deviation. These changes disappeared during a period of two and one-half months. It is 
pointed out that the cause of the electrocardiographic changes is uncertain, since the 
patient was in profound shock and digitalis had been administered for twenty-four hours 
prior to the first electrocardiogram. Bellet. 

Loewe, E., Plummer, N., Niven, C, F., Sherman, J. hL: Streptococcus s,b,e. in Subacute 

Bacterial Endocarditis. J. A. M. A. 130: 257 (Feb. 2) 1946. 

" An apparently new variety of nonhemolytic streptococcus was isolated in 41 (39 per 
cent) of a series of 106 consecutive blood cultures from cases of subacute bacterial endo- 
carditis. The organism was designated Streptococcits s.I.e. Its cultural properties, relation- 
ship to other streptococci, and serologic classification were studied in detail. Its refractory 
character was strikingly apparent from a comparative study of treatment statistics, recovery 
percentage, mortality rate, and incidence of recurrence. Intensive, massive penicillin treat- 
ment was found to bo mandatorj* in order to terminate the disease in patients affected with 
Strcpioooccus s.l.e. The optimum dosage of penicillin was an uninterrupted span of treat- 
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nient for eiglit weelis with daily intravenous administration of at least 2 million Oxford 
units. Tho prompt identification of this organism as the. causative agent in subacute bac- 
terial endocarditis facilitated by the use of the presently available diagnostic serum has been 
a lifesa\nng measure. ‘ Bellet. 

SmoUk, E., Blattner, E. J., and Hays, F. M.: Brain Abscess With Congenital Heart Disease. 

J. A. M. A. 430: 145 (Jan. 19) 1946. 

The authors regard the association of brain abscess with congenital heart disease ns 
being insufficiently emphasized in the literature and report a case of this tj'pe. Tho 
patient was a girl, aged 9 years, whose cardiac lesion was either a patent ductus artcrio.sus 
or an interventricular septal defect. Symptoms suggestive of brain abscess developed and 
tho diagnosis was established by ventriculography. Surgical drainage of the abscess was 
followed by complete recovery. Penicillin and sulfonamide therapy were maintained during 
convalescence. The organism cultured from the aspirated pus was identified as a member 
of tho Haemophilus injluenza-e group. 

It is pointed out that tho ante-mortem diagnosis- of brain abscess in patients with 
congenital heart disease is uncommon and that the diagno.'sis could be made more fre- 
quently if the possibilitj’ of this association is Ijorne in mind. Bem.et. 

Eobertson, H. F., Schmidt, E. E., and Feiring, W.: The Therapeutic Value of Early 

Physical Activity in Eheumatic Fever, Preliminary Eeport. Am. J. M. Sc. 211: 67 

(Jan.) 1946. 

Confinement to bed is not regarded by the authors as necessarily affording optimum 
rest, especially in cases of acute rheumatic fever where prolonged confinement tends to 
produce restlessness and to develop a psychoneurosis. The therapeutic value of early 
ambulation in rheumatic fever was therefore studied in a series of two hundred cases. 
The patients were placed on a regime in which comfort was the sole factor in determining tho 
extent of permitted activity. All patients except those who had heart failure or incapacitating 
joint inflammation were allowed to use the latrine during the first twenty-four hours, and 
thereafter the}' were permitted to sit up in a chair for increasing intervals. As strength re- 
turned they were allowed to walk about the hospital. Joint discomfort very rarely prohibited 
ambulation for more than forty-eiglit hours when adequate amounts of salicylate were given. 
Tachycardia, cardiac murmurs, heart block, subcutaneous nodules, moderate joint paims, rapid 
sedimentation rates, abnormal electrocardiograms, or other laboratory findings indicative of 
active rheumatic fever or carditis were not used as indications for confinement. 

No unfavorable effects of this treatment were noted, while, on the other hand, the ad- 
vantages included marked decrease in the incidence and severity of anxiety neuro.«e.s, sounder 
sleep, improved bowel function, decreased abdominal pain, improved appetite, and gain in 
weight. In the majority of cases the manifestations of acute rheumatic fever disappeared 
during the period of physical activity. The success of this t}'pe of treatment invites atten- 
tion to re-evaluation of the currently accepted policy of prolonged bed rest with its dis- 
advantages in the management of acute rheumatic fever. L.\ri,ACE. 

Bloomfield, A. L., and Halpem, E. M.: The PcnlctlUn Treatment of Subacute Bacterial 

Endocarditis; Some Problems. J. A. AI. A. 129: 1135 (Doc. 22) 1945. 

A scries of eighteen consecutive cases of subacute bacterial endocarditis is reported 
in which penicillin therapy was employed and the infection has been arrested for periods of 
three to seventeen months. Bacterial and clinical arrest in 100 per cent of this series is con- 
trasted with the arrest of only 50 to 75 per cent in tho seric.s of more briefly treated cases 
reported in the literature. 

An important criterion for determining the dosage of penicillin necessary to obtain a 
favorable response was the strain sensitivity of the organism. If more than 0.1 Oxford unit 
of penicillin per cubic centimeter of medium was required for complete inhibition of growth, 
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the case was likely to he refractory to the amount of treatment usually given and doses up to 
1 million Oxford units per day might be necessary. 

In order to obtain the highest percentage of cures, treatment should bo continued for 
two months and in some cases longer. If the strain is sensitive, the best treatment consists 
of a total daily dose of at least 200,000 units administered in four to eight intramuscular 
injections. In the presence of more resistant strains, very large doses of 500,000 units or 
more of penicillin may be necessary to obtain a cure. 

Subcurative therapy may produce not only deceptive pseudocure.s udth return of 
bacteriemia as, soon as treatment is stopped, but also a more re-^istant strain of streptococci. 
It is important to recognize the infection early so that treatment may bo started before exces- 
sive heart damage has occurred. Beu.ttt. 

■yinveeler, E. 0., ami White, P. D,: Insomnia Due to Left Ventricular Heart Pailurc. 

J. A. At. A. 129: 1158 (Dec. 22) 1945. 

Insomnia as a presenting symptom of left ventricular failure has been generally neg- 
lected. When dyspnea is not a prominent complaint, however, insomnia may be the pre- 
dominant s 3 'mptom of pulmonary congestion. In such casds, the patient may be inadequately' 
treated because of failure to recognize the uuderlj'ing heart disease. Treatment with digitalis 
and diuretics and restriction of salt result in improvement of heart function and relief of the 
insomnia. 

lokhveds, B. I.: Intracardiac Blood Transfusion. Am. Ecv. Soviet Aled. 3: 116 (Jan.) 

1946. 

Intracardiac blood transfusion is recommended only for patients who are moribund. 
Two cases are reported in which the blood was introduced directly into the ventricles. The 
transfusions were given respoctivelj' eight and ten minutes after clinical death. In one 
patient the injection was made into the right ventricle and in the other patient into the 
left ventricle. Use of the left ventricle is preferable, particularly when the moribund 
state is the result of severe hemorrhage, as in one of the cases reported. Three advantage.*; 
for left-sided transfusion are cited; (1) The increase in the contents of the left ventricle 
acts as an impulse to start contraction. (2) Even the first comparatively weak contractions 
of the heart partially re-establish the blood supply to tbe brain centers. (3) The left 
ventricular route immediately' improves tho coronary' blood supply'. The use of the right 
ventricle for transfusion has been previously reported, but tho author has found no previous 
reference to the use of the loft ventricle for this purpose. ArcMiEU\N'. 

Connell, W. F., Wharton, G. K., and Robinson, C. E.; The Relationship of Blood Pressure 

and Serum Thiocyanate. Am. J. AI. Sc. 211: 74 (Jan.) 3946. 

The purpose of this investigation was to ascertain whether there is any correlation be- 
tween the height of tho blood pressure and the amount of thiocyanate in the blood serum of 
persons who have not received thiocyanate therapeutically. In 341 subjects whose blood pres- 
sures ranged from hypotensive levels averaging 99/61 to hypertensive levels averaging 228/131. 
a substance giving the color reaction of thiocyanate was found in the senim in concentrations 
of 0 to 2.77 mg. per 100 milliliters. ATo correlation was found between the serum concentra- 
tion of this substance which was estimated as potassium thiocyanate, and the height of the 
diastolic blood pressure. It is concluded that, if thiocyanate actu.ally does occur normally in 
the blood serum, it has no role in the regulation of blood pressure. Laplace. 
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USE OP THE PHLEBOMANOMETER: NOR]\IAL VENOUS PRESSURE 
VALUES AND A STUDY OP CERTAIN CLINICAL ASPECTS 
OP VENOUS HYPERTENSION IN IVAN 

Travis Winsor, M.D., and George E. Burch, M.D, 

New Orleans, La. 

P HYSIOLOGISTS have long considered a Imowledge of the variations in 
venous pressure essential to the proper understanding of cardiovascular 
physiology,^’ ^ More recently some clinicians have utilized venous pressure 
measurements in the differential diagnosis and clinical management of right 
ventricular congestive heart failure, pericardial effusion, constrictive peri- 
carditis, cardiac tamponade, localized venous obstruction, edema, ascites, and 
many other clinical sjnidromes.^'* Measurements of venous pressure, however, 
are not often made routinely bj’- those in the clinical fields. Furthermore, prog- 
ress in a proper understanding of the pressure in veins has been retarded by 
manj’^ factors, principally a need for a simple, practical, portable instrmnent 
and a standardized method of recording venous pressure; and an appreciation 
of the clinical applications of venous pressure measurements. To date no com- 
pletely satisfactory instrument for the measurement of venous pressure has 
been found. Such instruments have been impractical, or inaccurate, or both. 
A satisfactory instrument must, at least, be (1) portable, transportable, with 
no fluids to spill, and suitable for bedside use in the hospital or home; (2) 
easily sterilized and easily prepared for successive determinations; (3) suitable 
for use in small veins, thereby malting possible comparative measui’cments as 
well as a more general use; and (4) sufficiently accurate and dependable to re- 
veal early evidence of or change in disease. 

Since a standard method of recording the venous pressure has not yet been 
accepted generally, values obtained by different methods are not always com- 
parable.® The site taken as “heart level’’ varies vnth the various methods used. 

From the Department of Medicine, School of Medicine, Tulanc University, and the Charity 
Hospital of New Orleans, La. 

Aided by a grant from the Helis Institute for Medical Researcli and the Rockofelicr 
Foundation. 
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Any variation of this site often produces considerable differences in the results 
obtained. The criteria for a satisfactory heart level are discussed. Because 
a knowledge of the venous pressure is of diagnostic assistance in many disease 
states,^® it is the purpose of this report to describe in detail the technique em- 
ployed with the Phlebomanometer,^^ to discuss some of the factors affecting 
venous pressure, to establish a~phlebostatic level and a phlebostatic axis,^® to 
establish normal values of venous pressure for adults, and to present, studies 
on patients Tivith \'enous hypertension in congestive heart failure. 

METHODS ^VND MATERI/VL 

The instrument used was the Phlebomanometer,“ which consists of an 
aneroid type of manometer, the scale of which is calibrated in millimeters of 
Avater. The method is a direct one. By mechanicallj’’ compressing a pressure 
bulb the pressure in the manometer system is adjusted to balance the pressure 
in the vein. 'WTien the balance has been accomplished the venous pressure is 
read from the scale of the manometer. The balance is established when a column 
of citrate solution in a glass adaptor comes to rest. The eapillaiity of the 
adaptoi's (1-mm. bore) used was 25 mm. of 2 per cent citrate solution. To cor- 
rect for capillarity, the meniscus of the citrate in the adaptor Avas held 2.5 mm. 
above the level of the vein. A 23-gauge needle Avas usually employed, although 
the size of the needle did not alter the venous pressure reading, since the reading 
is recorded when the fluid in the adaptor is at rest. Smaller-bore needles Averc 
used AAdien measuring high venous pre.ssures. The Plilcbomanometer conforms 
to the criteria established for a satisfactory venous pressure instrument.” It 
AA'as checked at frequent intervals against a Avater manometer and was found 
to maintain its accuracy at all times. 

Approximately 850 detenninations Avere made on 200 normal subjects, 
and 450 deteiminations were made on 90 patients Avith cardiac disease. The 
normal subjects Avere medical students and laboratory and hospital attendants. 
The patients Avere selected from the medical AA'ards of the Charity Hospital in 
Ncav Orleans. 

The subjects rested ten minutes before venous pressure detcr-mination.s 
Avere recorded. In all instances consecutive readings Avere taken until coji- 
.stant readings AA-ere obtained. Particular attention was paid to the state of re- 
laxation of the patient, the type of respiration, and the maintenance of the A'ein 
at “heart level.” All determinations on normal subjects AV’cre carried out on 
an unpadded, Ica’cI examining table with the ann abducted, slightly rotated ex- 
ternally, and properly supported. When the veins of other parts, such as the 
foot or hand, Avere studied, these parts wore similarly supported in a relaxed 
state so as to avoid venous obstruction due to flexion of joints, external pres- 
sure, or constriction. 


REITSRENCE LEAUL OR HEART LEVEL 

In order to obtain reproducible venous pressure readings, the vein under 
study must be placed in a constant relation to the heart. The phlebostatic 
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leveP^ lias been used as a reference level. It has the advantage of being ap- 
plicable for use in positions other than the supine. It may be defined as a 
horizontal plane passing through the phlebostatic axis.^= The axis is determined 
by the intersection of a frontal plane, passing half the distance from . the base 
of the xiphoid of the sternum and the doi-sum of the body, with a cross-sectional 
plane passing through the fourth intercostal space adjacent to the sternum. 
The use of the phlebostatic level of reference gives reproducible and comparable 
results in normal subjects when either supine, in the intermediate sitting posi- 
tions or in the upright sitting position,^^ The follo^^'ing experiments are de- 
scribed in order to emphasize the practicability and reliability of the plilebostatic 
level as a reference level for these positions. 



(jJhrto/f" 

colorad 

Fig. 1. — Half the anteroposterior diameter of the chest, measured from the base of the 
xiphoid to the table with the subject in the supine position, in 00 Negro and white male.s and 
females. A horizontal plane passing through this point forms the phlebostatic level for the 
supine position. 

The Phlebostatic Level . — Half the distance from the base of the xiphoid 
to the table with the subject supine (phlebostatic level for the supine position) 
was measured in 90 normal subjects from 16 to 34 years of age (Fig. 1). The 
venous pressure was taken in the median basilic vein with the vein at this level. 
The subjects were divided into those with deep chests and those with thin chests. 
The ages, sexes, and colors of the two groups w'ere comparable." The venous 
pressure did not vary significantly in the two groups.^^ The narrowest chests 
occurred in the white female group (average, 87 mm. ; extremes, 78 to 103 mm.) 
and the deepest chests occurred in the white male group (average, 102 mm.; 
extremes, 90 to 135 mm.). The average depth of the chests for males and fe- 
males of both colors was 97 mm. (extremes, 78 mm. and 135 mm.). 
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• The influence of chest thiclmess on the venous' pressure, using the phlebo- 
static level with the subjects in the supine position, was further tested in 10 
subjects with very thick chests (average, 126 mm.; extremes, 110 to 135 mm.), 
and 10* with very thin chests (average, 89 mm.; extremes, 85 to 95 mm.) 
(Fig. 2). The venous pressures in the median basilic vein were 103 and 101 
mm. of water, respectively. Thus even extremes of chest thickmess did not 
materially influence the venous pressure measurements. 


I 
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Pig-. 2. — The venous pre.ssure measured In 10 subjects -with thick chests and 10 of the same sex, 
age, and color -with thin cliests. The venous pre.ssures show no slgnlflcant differences. 


Venous pressures were then recorded for tlie median basilic vein in 13 
subjects, firet in the supine position, and then in tlie upright sitting position, 
the arm being raised until the pressure in the sitting position was the same as 
that in the supine position. In eight of the 13 subjects the vein under study 
fell in a horizontal plane which passed through the fourth intercostal .space ad- 
jacent to the sternum. In the remaining five subjects, the vein fell cither in the 
third or fifth intercostal space. Placing the trunk in various intermediate sitting 
positions and measuring the median cubital venous ]>rcssure with the vein in a 
horizontal plane pa.ssing through the phlebostatic axis resulted in little difference 
in values among normal subjects.^* The reliability of the phlebostatic level was 
further tested by recording the venous pressure in a doi-sal vein of the hand, 
with the trunk in the supine po.sition, various intermediate sitting positions, 
and in the upright sitting position (Fig. 3), In all postions the hand was kept 
at the phlebostatic level for the supine subject. With each change of position 
the venous pressure increased by an amount equal to a column of blood extend- 
ing fixim the vein under study to the phlebostotic level. Thus the phlebostatic 
level is a genuine physiologic level of reference. 
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Radiograpliie studies indicated that in the majority of subjects the plilebo- 
statie axis passed through the posterior aspect of the right auricle. Thus the 
anatomic and physiologic reference levels coincide satisfactorily, and the plilebo- 
static level is a satisfactorj* reference level for the measurement of venous pres- 
sure for the supine position, intermediate sitting positions, and upright sitting 
positions. 
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FACTORS AFFF.CTIKG VENOUS PRESSURE. 

Numerous iacioi's tvliich affect the venous pressure must be evaluated and 
understood if errora in venons pressure measurements arc to he avoided. A 
knowledge of such factors is of clinical imporlance when measuring venous 

pressure. 

lieUiion of Vc 7 ious Pressure to ilic PhUhoslatic Level . — The venous pres- 
sure was determined in the median hasilie vein at the phlebostatie level in 10 
subjects in the supine position. The vein was raised above and lowered below 
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this level and the changes in pressure were recorded, liaising the arm 100 mm. 
above the level reduced the pressure 100 mm. of water. Lowering the arm 40 
increased the pressure 40 mm. of water. This 1:1 relationsliip was constant, 
at least for positions between 40 mm. below and 100 nun. above this level. This 
relationship between the phlebostatic level and the position of the vein is prob- 
ably maintained for ranges wider than those studied. Thus, when venous pres- 
sure is measured in veins above or below this level a simple correction may be ap- 
plied for the altered hydrostatic pres.sure due to tlie position of the vein. 



Fig. 4 . — ^Variations in venous pressure during one day and at the .same time of day for ton 

consecutive days. 


Venmfs Prcssxtre Yariations During One Day and From Day to Day . — 
Venous pressure was determined in the median basilic vein in one man and in one 
woman at three-hour intervals from 9 :00 a.m. to 12 :00 m. throughout one day, 
and once dailj" at the same hour for ten days (Fig, 4). The error in con- 
secutive readings was no greater than ±2.5 mm. of water. The venous pressures 
were generally lower in the woman than in the man. Both .subjects had lower 
pressures in the morning than in the evening, the morning pressure being 11 mm. 
lower in the woman and 27 mm, lower in the man. There was no constant re- 
lationsliip between the venous pressure level and meals. 

Ten consecutive daily recordings were made at 11:00 p,si. for ten days. 
The daily activity of the sub.jects did not vary significantly during this period. 
The difference between the highest and lowest readings was 29 and 27 mm. of 
water in the woman and the man, respectively. 
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mmLitc-s 

Fig. 5. — The gradual fall in the venous pressure of 20 subjects after insertion of the needle 
ordinarily occurred during the first four minutes. 
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Venous Pressure Drift. — The venous pressure was usually high inunedi- 
ately after the vein was punctured, and lower after the needle had remained in 
place for a period of time. In the 20 subjects studied, the pressure was usually 
constant by the fourth minute (Pig. 5). The average decrease in pressure was 
20 mm. of water. This change in venous pressure took place without apparent 
muscle tension or changes in respiration. Spasm of the vein was usually di- 
rectlj' %asible, particularly in the smaller veins. 
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Fig. 7. — ^''cnous pressure.*; In 10 normal subjects anJ 10 patient? •with congestive heart 
failure, taken In the sitting position wltii the legs c.xtendcd, then flexed, and with the tnink sup- 
ported, then un.supported. A'ory few dlfferoncos in pressure.? resulted. 


Direction of Insertion of the Needle and Venous Pressure. — The venous 
pressure was measured in large and .small veins with a 23-gauge needle, ■\\dth 
the apex of the needle pointed tinst in the direction of and then against blood 
flow. The prc-ssurcs in the median basilic vein at the antccubitus and in the 
greater saphenous vein at the ankle did not vaiy signiflcantly with changes in 
needle direction. The average difference was 3 mm. of water (Pig. 6), The 
pre.ssure in the small veins of the Iiands and feet was significantly higher 
(average, 15 mm. of water) when the needle was directed against the direction 
of blood flow. The greater differences in pressure in small veins ai’C due to the 
great effects of the kinetics of floiv, which are probably caused in large part by 
venospasnu as small veins arc prone to contract tighth^ about the shaft of the 
needle and sometimes completely occlude the lumen of the vessel. 
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Position of the Legs and Trxmh in Relation to the Yenoxis Pressure hi the 
Sitting Position. — Pressures in the median basilic vein -were recorded in 10 
normal subjects and 10 patients with right ventricular congestive heart failure 
(Pig. 7). Pressures were recorded ^vith the subject sitting with the legs ex- 
tended and until the legs flexed, the feet always being lightly supported. In 
both groups the pressures were slightly lower with the legs flexed. The pres- 
sure was then measured in the same indhnduals, sitting, with the trunk un- 
supported, then with the trunk supported by a backrest. The differences in 
A^'enous pressures did not exceed 1 mm. of water under the latter conditions. 

Respiration and Yexious Pressure. — Certain statements can be made con- 
cerning the relationship between venous pressure and the phases of respiration. 
A 20-gauge needle was used to record the respiratory effects. The venous pres- 
sure fell slightly with nomal quiet inspiration and rose with quiet expiration. 
Slow, deep inspiration greatly reduced the antecubital venous prc.ssurc, and 
slow deep expiration markedly increased it. The Valsalva experiment increased 
the pressure still more and the I^fuller experiment decreased it. Rapidly re- 
peated deep inspirations caused a more marked fall in pressure than did one 
single deep inspiration. It is Avell to remember that the normal respiratoiy 
changes were often markedly altered in patients with venous hypertension (vide 
infra) . 

Muscle Tension and Yenoxis Pressure. — ^A^'enous pressures were recorded in 
the veins of the arms and legs of ten subjects before and during muscle con- 
traction. No difference in pressure was found in the median basilic vein. Ten- 
sion of the muscles on the lower extremity sometimes resulted in a considerable 
increase in the pressures in the greater saphenous vein (average difference, 20 
mm. of Avater). This increase may be due to obstruction of the deep veins of 
the legs, Avhich places a greater load on the superficial veins in Avhich the measure- 
ment is being made. It is possible that in unusually muscular indmduaLs muscle 
tension in the arms may increase the pressure by the same mechanism. 

ESTABLISHMENT OF KORAIAL VALUES 

Normal values for Amnous pressure Avere determined in 130 normal young 
adult male and female, Negro and Avhite subjects. All measurements were made 
in either the supine or sitting position AAuth the vein at the phlebostatic leA^el. 

Normal Yahies for the Median Basilic Yein of Adxdts in the Sxipinc Posi- 
iion . — ^The pressures AAmre recorded in the veins of the right and left arms of 
70 subjects (Fig. 8). The pressures in the tAvo arms did not differ, on an aA^er- 
age, by more than 2 mm. of Avater in any group studied. The loAA-est pre.ssurcs 
AA'ere encountered in the AA’hite females (aA'erage, 90.5 mm. : extreme.s, SO to IIG 
ram. of AA’ater), and the highest pressures AA'ere encountered in the Negro males 
(average, 103.5 mm.; extremes 66 to 128 mm. of Avater). The aA-erage for both 
Negro and white females was 100.5 mm. of water. The highest value for the 
females AAms 128 mm. of AA'ater, and for the males 140 mm. of Avater. The aver- 
age value for the entire group was 97 mm. of Avater, the range being 50 to 140 
mm. of water. 
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Normal Yeno^is Pressure Values for Various Veins of the Body in the 
Supine and Sitting Positions.— yenous pressures were recorded in various veins 
of the body in 100 subjects (Fig. 9). No significant difference between the 
pressures of the riglit and left sides of the body (arms or legs) was noted. The 
average pressures in the median basilic., femoral, and dor.sal metacarpal veins. 
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in the great saphenous vein at the ankle, and in the donsal pedal veins were 
97, 111, 120, 149.5, and 175.5 mm. of water, r&spectively. The ranges of pres- 
.sure for these vessels were 50 to 140, 98 to 128, 70 to 146, 110 to 190, and 124 to 
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210 mm., respectively. Numerous venous pressure determinations in various 
veins in one subject are sliovm in Fig. 10. 

The venous pressure in a dorsal metacarpal vein was compared with that 
in a median cubital vein in 20 sitting subjects (Fig. 11). There was an aver- 
age difference of 26 mm. of water in the pressure of the veins of the elbow and 
hand in the sitting position, as compared with an average difference of 23 mm. 
of water in the pressure of tliese veins in tlie supine position. The pressures 
in the veins of the hands were always higher. 
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Fig. 9. — Venous pressures in 100 Negro and -white subjects of both sexes. The pressures 
were taken In various veins of the body. In general, the greater the distance from the heart, 
the higher the venous pressure. 

VENOUS PRESSURE IN PATIENTS WITH RIGHT VENTRICUL.IR 
CONGESTIM5 HEART FAILURE 

The following experiments illustrate some of the differences in venous 
pressure between normal subjects and 50 patients witli cardiac disease vith 
and without congestive heart failure. 

Vcnoxis p 7 'cssi(re m the Supbic and Sitting Positions . — ^The pressures in the 
median basilic veins in the supine and sitting positions were compared in 40 
normal subjects and in 30 patients with Class I, Class III, or Class W heart dis- 
ease (Fig. 12). In tlie normal group the pressures in the supine and sitting 
positions showed no significant difference, being 3 mm. of water greater for the 
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FiK. 10. — Venous pressures in various veins of one individual showing gradient of pressures from 

the periphery to the heart. 
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Fie. 11. — ^%''enou.« pres-xures in the median cubital and dorsal metacarpal vcin.s of 20 sub- 
jects In the .xlttlng- position. Tiicse values arc not .significantly different from the prcfMurcs In 
ile-i-e veinx with the subjects in the -supine po.sitlon. 
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supine position. In patients who were placed in Class I, that is, patients with- 
out clinical evidence of failure, the average pressure in the sitting position was 
4 mm. of water less than that in the supine position. Patients with congestive 
heart failure who were placed in Class III or IV had venous pressures whicii 
were 76 mm. of water lower in the sitting than in tlie supine position. The 
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Pig. 12.— Venous pressures of GO normal subjects and 50 patients with caixllac disease. 

These pressures were recorded in the median cubital vein, using the plilebostatlc level for 

reference, with the subjects first in the supine position and then in the sitting position. The 

pressure recorded with the patient in the supine position was a better indication of the prc.sencc 

of congestive failure than was the pressure recorded with tlic patient in the .sitting position. 


average pressure in the supine position ivas 261 mm. of water, and in the sitting 
position 185 min. of water. All the patients in Class IV had venous livpcrten- 
sion in the supine position, that is, a venous pressure greater than 140 mm. 
of water. However, 30 per cent of these patients had normal venous pressures 
in the sitting position. 
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Effect of Abdominal Compression on Venous Prcssiux. — The pressure in the 
antecubital vein Avas recorded in 40 normal supine subjects and 30 supine pa- 
tients Muth var3ing degrees of cardiac disease Avith and Avithout congestive 
heait failure (Fig. 13). Pressure Avas tlien manuallj' applied OA-er the um- 
bilicus for a period of one minute.*® The region of the abdomen compressed 
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was not important, since it Ava.s found that pressure exerted OA'cr the liver and 
over A'arious other region.s of the abdomen did not alter the re.sults (vide infra). 
In all instances the patients AA'cre instructed to breathe naturally. Compre.s.sion 
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of the abdomen of nomal subjects resulted either in a fall in the venous pres- 
sure or in no change (Fig. 13), The average pressure before compression was 
108 mm. of water; that during compression wms 91 mm. of water, an average 
fall of 17 mm. of water. In the sitting position the average difference betw’een 
the pressure before arid that during compression was -2 mm. of water. In 30 
per cent of these latter patients the pressure rose to 4- 10 mm. of water or less 
with abdominal compression. 

In 10 patients writh heart disease without failure (Class I) the results were 
essentially the same as for the normal subjects. Tiie average pressure in the 
median basilic vein before abdominal compression, with the patient supine, 
w'as 91; during compression it w^as 93 mm. of water. Venous pressures be- 
fore and during abdominal compression in the sitting positions were 96 and 97 
mm. of water, respectively (Fig. 13). 

In 10 patients with cardiac disease (Class IT, mild congestive heart fail- 
ure) , the venous pressure in the supine position was only slightly greater than 
normal, averaging 150 mm. of w^ater, and varjring from 130 to 170 mm. of wa- 
ter. Abdominal compression produced a rise in pressure to an average of 246 
nun. of water, an average increase of 96 mm. of water. Abdominal compression 
produced an average increase in pressure in these patients when sitting of 47 
mm. of water (Fig. 13). 

In cardiac patients resting in the supine position (Class III and IV, marked 
congestive heart failure), the average venous pressure before abdominal compres- 
sion was 276 mm. of water and during compression 361 mm. of water, an aver- 
age difference of 85 mm. of water. In the sitting position the pressure before 
abdominal compression was 220 mm. of water and that during compression was 
278 ram. of water, an average difference of 58 mm. of water. 

Prom these experiments it would seem that abdominal compression in 
supine patients Avith normal or borderline venous pressures is particularly use- 
ful in the diagnosis of early congestive heart failure. 

Venous Normotension, Venous Hypertension, and Certain Clinical Find- 
ings in Patients With Congestive Heart Failure. — Clinical findings and venous 
pressures Avere recorded in 20 patients with heart disease, all of AA’hom had 
clinical heart failure. Prom these data the foUowmg conclusions may be draAAm ; 
(1) Venous hypertension does not always exist even though otlier signs of riglit, 
left, or right and left ventricular congestiA'c heart failure may be present. (2) 
Even though phj^sical signs of right ventricular congestive failure are not 
striking, the venous pressure may be high if the pressure is recorded during 
rapidly progressing failure. (3) The venous pressure may be normal when 
other signs of right ventricular congestive failure are present, if the pressure 
is recorded during rapidly improving failure. Thus in some in.stanees the venous 
pressures Avere within normal limits CA'en in the presence of hepatomegaly, as- 
cites, and edema of the legs. (4) When the antecubital venous pressure Aras 
220 mm. of Avater or greater, the liver was ahvays found to be enlarged. (5) 
When the pressure reached 250 mm. of AA’ater, ascites, leg edema, and orthopnea 
Avere always present. 
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DISCUSSION 

The venous pressure in both healthy and diseased patients may lie accu- 
rately detennined by the Phlebomanometer, with an error not greater than 
±5 mm. of water. Careless determinations may result in gross inaccuracies. 
The mo.st important sources of eiror were: (1) venous obstruction produced by 
kinking of veins, (2) breath-holding, (3) muscle contraction, (4) insufficient at- 
tention to the problem of heart level,*'* (5) temporal variations, (6) spasm of 
veins, and (7) direction of insertion of the needle. To eliminate mam' of those 
sources of error the following procedure is advocated: Before a measurement 
is made, the subject should rest supine for ten minutes, with the arm placed 
at the phlebostatic level and abducted sufficiently to form an angle of approx- 
imately 60 degrees with the body. Clothing likely to produce venous obstimc- 
tion should be loosened. Holbrook*® has shown that abduction of the arm to 90 
degrees, as well as more marked abduction, produces abnoimally high readings. 
Brandt and Katz*® found that abduction of the arm affects the anatomic rela- 
tionship of the ela-vicle, first rib, and subclavian vein so as to exert pressure on 
the axillaiy and subclavian veins. The respirations should be watched to pre- 
vent sighing or breath-holding. Consecutive readings should be recorded until 
constant readings are obtained. It is desirable to make the measurement on a 
firm, flat table with the head of the subject on a low pillow. The use of a level 
and ruler may be employed for most accurate work but this is not ncce.ssary for 
most clinical purposes. 

The choice of heart level is important in order to avoid great variations in 
results. A study of the literature showed great variation**"*® in the points of 
reference and normal valves for the antecubital vein obtained by direct methods 
for the supine position (Table I). The marked variations in normal values 
resulted chiefly from differences in the reference levels used as heart level. The 
normal range for the venous pressure rrith the phlebostatic level at the so-called 
heart level for the antecubital vein is 50 to 140 mm. of water. These values com- 
pare favorably -with the normal values obtained by othei's using a con-stant 
heart level fixed 100 mm. from the table, as well as with measurements using the 
midaxillar}' line as the level of reference.®' It is desirable to have a level 
which cannot be used only for the supine position, but also for the upright 
sitting and intennediate sitting position. These and previous studies by the 
authors'- indicate that a horizontal plane passing through an axis running be- 
tween the lateral surfaces of the trunk half the distance from the anterior and 
posterior aspects of the body, at the level of the fourth intercostal space an- 
teriorly, presents a suitable reference line or level from which to measure the 
venous pres-sure vith the trunk in any of the afore-mentioned positions. Nor- 
mally there is no significant difference in the venous pressure in the supine, 
intennediate sitting, or upright sitting position if the pressure is mea.surcd with 
the vein at the phlebostatic level. In the sitting position the tnink may be 
either supported or unsupported and the legs may be extended or flexed without 
significjmtly altering the antecubital venous prc.sKure. 
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The applications of venous pressure determinations to clinical practice are 
numerous and are particularly useful in the diagnosis of right ventricular con- 
gestive heart failure, constrictive or effusive pericarditis, venous obstruction, 
and edema. In patients with congestive heart failui-e the venous pressure wth 
the patient in the supine position was a much more reliable indication of failure 
than was the venous pressure taken in the sitting position. Abdominal compres- 
sion was also a valuable aid in the diagnosis of congestive heart failure.^^ The 
response to abdominal compression was abnormal in approximately 30 per cent 
of the patients whose antecubital venous pressure, taken v'hen they were iii the 
supine position, was normal or borderline. The compression procedures may 
be executed in the supine or sitting position. They are somewhat more sensitive 
in the former. The average rise in pressure of patients Avith Class II heart 
function (mild congestive failure) dunng compression Avas 96 mm. of AA^ater 
AA'hen supine and 47 mm. of water when sitting.^^’ In the normal supine sub- 
ject abdominal compression produced either a fall or no change hi pressure in 
the median basilic vein (average was a fall of 17 mm. of Avatcr) . In the sitting 
position, abdominal compression sometnues produced a rise in pressure of as 
much as 10 mm. of Avater (average Avas a fall of 2 mm. of AA'ater). 

The mechanism of fall in venous pressure in the normal subjects is un- 
knoAvn. It is conjectured that abdominal compression interfei’cs AAuth venous 
return through the inferior vena cava. This results in a drop in venous pressure 
in the upper extremities and a rise in the lower extremities. In right ventricu- 
lar congestive heart failure, abdominal compression probably forces blood from 
the already engorged venous reservoirs of the abdominal cavity into the thorax, 
AA'hich, in the presence of an inefficient heart, results in an increase in tlie pres- 
sure in the veins of the upper extremities. Similar results have been noted in 
the presence of pericarditis Avith marked effusion.^® Abdominal compression, 
Avhen carried out in patients AA'ith ascites from causes other than lieart failure 
produced no increase in the venous pressure in the antecubital A'ein. 

"When the antecubital venous pressure Avas recorded for the supine position 
and the arm Avas eleAmted 90 degrees, that is, perpendicular to the table, the 
pressure in normal patients fell markedly and approached atmospheric pressure. 
In the presence of marked congestive failure with an already elevated venous 
pressure, the pressure fell the same amount as in the normal subject, but re- 
mained considerably above atmospheric pressure. In noimal subjects this phe- 
nomenon may be due to partial collapse of the vein, and in those Avith congestive 
failure to the inability of the oveiffilled vein to collapse. Abdominal compression, 
particularly Avhen carried out in the supine position, reveals evidence of failure 
much earlier than does the finding of an eleAmted pressure after elevation of the 
arm. 

In correlating the venous pressure AA'itli the clinical picture of failure it 
Avas noted that the pressure may ])e either high or normal in the presence of 
clinical signs of failure, depending upon whether the edema is increasing or de- 
creasing. It AA'ould seem that an increase in Amnous pressure precedes the on- 
set of tlio clinical manifestations of failure. "^Vlieu the pressure readied 250 
mm. of AA'ater hepatomegalj', ascites, edema, and orthopnea were ahvays present. 
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It must be remembered that these studies Avere conducted in patients who had 
had absolute bed rest, in a partiallj- sitting position, witli legs extended, for some 
days. These generalizations may not be entirely applicable to patients in other 
positions, such as the sitting position witli legs dowm. 

SUMMARY 

A method of use of the Phlcbomanometer was described. The plilcbostatic 
level was defined as a horizontal plane passing through the plilebostatic axis 
which results from the intersection of a frontal plane passing half the distance 
from the base of the xiphoid to the dorsum of the body and a cross-sectional plane 
passing through the fourth intercostal space adjacent to the sternum. The use 
of the pldebostatie level as a level of reference gives comparable results' in nor- 
mal subjects in the supine, intermediate sitting, or upi’iglit sitting position. 

Certain factors affecting the venous pressure were discussed. The pressure 
fell when the vein under study was raised above the plilebostatic level, and it 
increased as the vein Avas lowered below this level, the changes being equivalent 
to the hydrostatic effects. Venous pressures w'cre higher in males than in fe- 
males and in both sexes they were higher in the morning than in tlie evening. 
In one instance the morning-evening difference Avas 27 mm. of water. Venous 
pressures taken daily at a certain hour A'aried as much as 29 mm. of Avater. The 
venous pressure was higher immediately after inserting the needle into the vein, 
and fell to a constant level in four minutes. The venous pressure Avas ordinarily 
higher AA’hen the needle Avas inserted against the direction of blood floAv than 
Avhen it AA-as inserted in the direction of floAV. This difference AAms slight in the 
large veins, but Avas marked in the small ones, probably because of the greater 
effect of venous spasm in small veins. 

Venous pressures taken in the median antecubital veins AA'ith the subjects 
in the sitting position Avere essentially the same Avith the trunk supported as 
Avith the trunk unsupported, and AAuth the legs extended as Avith the legs flexed. 

The pressure noimally rose Avith expiration and fell Avith inspiration. The 
pressure Avas increased by the Valsalva experiment and decreased by the 
liliiller experiment. Muscle tension of the legs increased the pressure in the 
greater saphenous vein at the ankle but did not increase the median antecubital 
pressure. 

Tlic aA'ci'age nomal antecubital pressure in females (Negro and AA'hitc) Avas 
94 mm. of AA’atcr, and in males (Negro and AA’hite), 300.5 mm. of Avater. The 
range of normal for both Negro and AA'hitc males and females, in the median 
antecubital veins Avith the subject .supine, Avas 50 to 140 mm. of AAmter. Average 
noxmal pressures in the median basilic, femoral, and dorsal metacarpal veins, 
in the great saphenous vein at the angle, and in the dorsal pedal veins Avere 97, 
111, 120, 150, and 17S mm. of Avater, re.spectively. 

In patients with congestive failure the venous pressure taken in the supine 
position Avas a better index of failure than aa-os the pressure in the .sitting posi- 
tion, since the pre.^sure Avith the patient supine AA-as often elevated AA'hcn the 
pressure AAith the patient .sitting AA'as normal. 
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In normal subjects resting in the supine position, compression of the ab- 
domen ordinarily produced a fall in the antebracliial venous pressure, but usually 
produced a rise in this pressure when right ventricular congestive heart failure 
was present. Abdominal compression sometimes gave evidence of congestive 
failure when the venous pressure with the patient supine was witliin nonnal 
limits. 

A correlation of the clinical signs and symptoms of congestive heart fail- 
ure with the level of the venous pressure showed that, when the venous pressure 
was 250 mm. of water, ascites, leg edema, orthopnea, and hepatomegaly were 
always present in hospital bed patients vdth congestive failure. 


REFERENCES 

1. Best, C. H., and Taylor, N. B. : The Phi’siological Basis of Medical Practice, Baltimore, 
1937, WilUam Wood & Co. 

' 2. Hales, Stephen: The Annual Eeglster for the Year 1767, London 7: 42, 1783. 

3. Eyster, J. A. E.: The Clinical Aspect of Venous Pressure, New York, 1929, The Mac- 

millan Co. 

4. Lewis, Sir Thomas: Disease of the Heart, ed. 2, New York, 1937, The Macmillan Go. 

5. Johnson, P. R.: Venous Pressure Apparatus With Its Clinical Application, J. Kansas 

M. Soc. 40; 189, 1939. 

6. Stroud, W. D.: Diagnosis and Treatment of Cardiovascular Disease, Philadelphia, 

1940, P. A. Da^^s Co., vol. II. 

7. Hussey, H. H.: The Effect of Mediastinal Lesions on Pressures in the Antecubital 

and Pemoral Veins, Am. Heart J. 17: 57, 1939. 

8. Hussey, H. H.: Clinical Applications of Venous Pressure Measurements, !M. Ann. 

District of Columbia 5: 232, 1936. 

9. Lyons, B. H., Kennedy, J. A., and Burwell, C. S.: The hleasurement of Venous Pre.s- 

sure by the Direct Method, Am. Heart J. 16: 675, 1938. 

10. Griffith, G. C., Chamberlain, C. T., and Kitchell, J. R.: Observation on the Practical 

Significance of Venous Pressure in Health and Disease With Review of the Liter- 
ature, Am. J. M. Sc. 187: 643, 1934. 

11. Burch, G. E., and Winsor, T.: The Phlebomanoineter, A New Apparatus for Direct 

Measurement of Venous Pressure in Large and Small Veins, J. A. M. A. 123: 
91, 1943. 

12. Winsor, T., and Burch, G. E.: The Phicbostatic Axis and Phlobostatic Level, Ref- 

erence Levels for Venous Pressure Measurements in Jian, Proc. Soc. Exper. Biol. 
& Med. 58: 165, 1945. 

13. Hitzig, W. M.: On Mechanisms of Inspiratorj- Pilling of the Cervical Veins and 

Pulsus Paradoxus in Venous Hypertension, .T. Mt. Sinai Ho^p. 8: 625, 1942. 

14. Moritz, P., and von Tabora, D.: Ueber cine hlethode beim Monschen den Druck in 

oberflachlichen Venen exakt zu bestimmen, Deutsches Arch. f. klin. Med. 98; 
475, 1910. 

15. Holbrook, A. A.: Normal Venous Pressure as Determined by a Direct Method, Am. 

J. M. Sc. 195: 751, 1938. 

16. Brandt, P., and Katz, G.: Uber die paradoxen Atemschwankungen des Vcncndruckcs 

beim Menschen, Ztschr. f. d. ges. exper. Jled. 76; 158. 1931. 

17. Von Tabora, D.; Das Verhalten des Venendruckes bei Krcislauf.etoningen, Verhandl. 

d. deutsch. Kong. f. inn. Med. 27; 655, 1910. 

18. Schott, E.: Die Erhohung des Druckes im venosen System bei Anstrengung als Ma«= 

fur die Punktionstuchtigkeit des mcnschlichcn Herzens, Deutsches Arch. f. klin. 
Med. 108: 537, 1912. 

19. Prank, L., and Reh, M.: Einc graphisehc Methode zur unblutigon Beslimmung des 

Venendruckes am Jlenschen. Ztschr. f. exper. Path. u. Thernp. 10: 241. 1912. 

20. Arnoldi, W.: Ueber den Druck im Venensystem, Deutsche mod. Wchnschr. 46: 4, 1920. 

21. Moog, 0., and Ehrmann, W.: Venendruckme.^sung und Kapillarbeobachtung bei 

insuffizientem Krcislanf. Berk Klin. Wchn.<=chr. 57: 829, 1920. 

22. Puchs, L.: Ueber die Messung des Venendruckes und ihre klinischc Bedcutung, 

Deutsches Arch. f. klin. !Med. 135: 68, 1921. 

23. Kroetz. C.: Dio Koeffizienten des klinisch messbaren Venendruckes, Deutsches Arch. 

f. klin. Med. 139: 325, 1922. 

24. Boas. E, P., and Dooneief, G.: The Mechanism of Peripheral Stasis in Myocardial 

Insufficiency, Arch. Int. Med. 33; 407, 1924. 



406 


AMERIGAK HEART JOURNAL 


25. Blmngart, H. L.,_ and Weis^ S.: Studies on Velocity of Blood Floiv; Velocity of 

Blood Plow in Normal Besting Individuals and Critique of Method Used, J. Glia. 
Investigation 4: 15, 1927. 

26. Ernst, C., and Stagelsclimidt, P.: Blutmcngcnbestimmungen und Vonendruchmessungon 

bei Hj-portonikern, Ztschr. f. d. ges. exper. Med. 73: 678, 1930. 

27. Criep, L. H.: Studies of Venous Pressure: Their Clinical Application, M. Bull. Vet. 

Admin. 8: 463, 1932. 

28. Budelmann, G.: Untersuchungon iiber den Vcnendruck, die Vitalkapazitat dor Lunge 

und das Herzminutenvolumen bei Gesunden und Ilerzkrankcn in Pulio und bei 
Kreislaufbelastung, Ztschr. f. klin. Med. 127: 15, 1934. 

29. Wood, J. E., Jr., Capaccio, G. D., and Weaver, W.: Venous Pressure and Body Weight 

Determinations in Congestive Heart Failure, Virginia M. hlonthly 62: 271, 1935. 

30. Krinsky, C. M., and Qottleib, .T. S.: Peripheral Venous Blood Pressure in Schizophrenic 

and in Normal Subjects, Arch, Neurol. & P.sychiat. 35: 304, 1936. 

31. Ferris, E, B., Jr., and Wilkins, R. W.: The Clinical Value of Comparative Measure- 

ments of the Pressure in the Femoral and Cubital Veins, Am. Heart J. 13: 431, 
1937. 

32. Berger, A. R.: The Value of Direct Venous Pre.ssuro Estimations in Ambulatory 

Cardiac Patients, Am. Heart J. 13: 440, 1937. 

33. Wartman, W. B.; Venous Blood Pressure in Some Common Diseases, Am. J. M. Sc. 

190: 464, 1935. 

34. Harris, I.: Venous Pressure in Heart Disease, Edinburgh hi. J. 35: 630, 1928. 

35. Brams, W. A., Hatz, L. N., and Schutz, W. J.: Intravenous Pressure. I. Now Method 

of Determination, Arch. Int, Med. 61: 33, 1933. 

36. Runge, H,: Tiber den Vcnendruck in Schwangcrschaft, Geburt und Wochenubott, 

Arch. f. Gynak. 122: 142, 1924. 

37. Bedord, D. E,, and Wright, S.: Observations of the A^enous Pressure in Normal In- 

dividuals, Lancet 2: 106, 1924. 

38. Young, F. A.; Direct Measurement of Venous Pressure in Man, Canad. M. A. J. 13: 

423, 1923. 

39. Taylor, F. A., Thomas, A. N., and Schleiter, H. G,; A Direct Method for the Estima- 

tion of Venous Blood Pressure, Proc. Soc. E.xpcr, Biol. & hied. 27: 867, 1930. 

40. Evans, W. A., Jr.: A^’enous Pressure, New England J. Med. 207: 934, 1932. 

41. Rondot, E.: Le Reflux Hcpato-Jugulaire, Gaz. Hebd. d, sc. 7nod. do Bordeaux 19: 

567, 579, 590, 1898. 

42. Opponhoimer, B. S., and Hitzig, W, M.: TTso of Circulatory Mcasuremonts in Evalu- 

ating Pulmonary and Cardiac Factors in Chronic Lung Disorders, Am. Heart J. 
12: 257, 1936. 



HEMODYNAMICS OF ACUTE HEMORRHAGE IN MAN 

B. S. Brannon, M.D.. E. A. Stead, Jr., M.D., J. V. W.vrren. ]\LD., and 

A. J. IMerrill, M.D. 

Atlanta, Ga. 

T he adjustments o£ the circulation to acute hemorrhage liave been extensively 
studied in experimental animals. A complete hemodjniamic studj' of the 
effects of acute hemorrhage in man has been diffieult because of the lack of a 
method for measuring the cardiac output and the right atilal pressure in acutely 
iU patients. The development of the technique of rigJit atrial catheterization, 
as described by Cournand and Range.s,^ made clinical studies of acute hemor- 
rhage possible. The purpose of this paper is to describe the hemodynamics in 
thirteen patients with acute blood loss. 

METHODS 

The cardiac output was measured by the utilization of the Fick principle. 
An inlying catheter in the right atrium, introduced by way of tlie antecubital 
vein, was used for measuring the pressure and obtaining samples of blood. A 
special ’needle was introduced into the femoral artery through which pres.sures 
%vere measured and blood samples were obtained. The mean right atrial pressure 
was measured with a manometer commonly used to measure venous pressures, 
the point of reference being 5 cm. posterior to the fourth costochondral junction. 

Blood samples for oxygen analyses Avere collected under oil and analyzed 
by the method of Van Slyke.- Tlie oxj-gen consumption Avas determined by llie 
anatysis of a tAAm- or three-minute sample of expired air, using tlie method of 
Haldane. The femoral arterial pressure aa-rs recorded optically by the motliod 
of Hamilton.® The mean arterial pressure aa-os measured by planimetric integra- 
tion of the area beneath tlie tracing. The peripheral resi.stance aa-rs calculated 
by the formula : 

B === Era (mean pressure in mm. Hg) x 1332 
C.O. (cardiac output in ml. per sec.) ' 

Hemoglobin concentration AA^as measured AA-ith a photoelectric colorimeter. 
Heparin Avas used as the anticoagulant to determine the hematocrit reading. 
The plasma Amlume Avas measured by the injection of the d5'e T 1824. Coneentra- 

Proin the Medical Service of Grady Hospital .and the Department of Medicine. Bmor>' 
University School of Medicine, Atlanta, Ga. 

The work described in this paper was done under a contract, recommcnd[ed by the Cojii- 
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the Emory University School of Aledicine- 

Received for pxiblication Sept. 17, 1945. 

407 



Tahlc I. Data on TniuTnEN Sudjects With Acute Hemorruaoe 


408 


AMERICAK HEART JOURKAl. 


laouoDTV aooia 


* A> d « 

§ WO o 
^ W I-! O 


r-IOOO 
"i* CJ r}( 00 
C4 Cl CO r-( 


anaaoA aooia 


aanssaaa anaiv 


A. • 
p, w « 


o o 

o o 

o o 

O 

o 

rH O 

M 

CO Cl 

to 

w 

rH cq 


C^C-S 


o 

ciof 

r-Tor 

ci^cq' 

rM 

cf 

OlOOO 

touo o 

040010 

40 

01 

rH cq cq 


Cl r-4 Cl ri 


NIHiOHA aviOi w o IS ^ S 


tHcqociioooi>- o 
ir5 o u's id id id 


W 

6*4 M 

W W g 
w 


aoNvisisaa 

Tvaarnaraad 


aiva asiQd 


onoisvia 


onoiSAS 


iiaooxvKan 


6 « 2 
OT ^ 

« g 5; 

< W ja 

< « ^ 
M fcf 


cq o CO 

to o ca eq 

f-4 UO O 

r^rA rAci 


ho o CO o 


rH CO CO CQ 
T}< lo O CO 


fO«COO 
CO liO t*-* 


T-l 00 t- 00 
O CO 00 00 


O CO o o 
CO CO CO rj< 


o o CO uo M in m o 

t^ooi^oococqoo 

cq'^^’^owotN. 


CO 01 CO cq o 00 o 
COt-COCiOOCOCO 


Ci Ci O l.o LO Ci CO M 
UO LO t** O to to to t> 


O t— CO lO to «0 o rH 
to 1.0 to tJ< CO lO to 

•^etocicqorMO'^ 

COCOCOOOOCJO 


rHCqcOt-^IOCOOCO 

COCOCOClCOCOCOtM 


o 

to 

1.'^ 

r-t 

o 

b- 

o 

o 

to 

0f> 

CO 

CO 

CO 

o 

to 


H 


05 

o 

40 

to 

to 

00 

Cl 

CO 


to 

40 

to 

OJ 

rH 


CO 

O 

Cl 

r-i 


KtacnoonaH 


ag§« 

O W iH o 


i-j cq o 00 ® N r-j cq t.; rH u? eq 
NCRcil-i C> O O ci O oi ri C> CJ 


xaoKr ovi(ra\’’0 


g . g 
M te K a 

Hi M W . 

4 a c 

W ” M 


otjoqcq 
r-5 i-H ri t-i 


© N CO W I- 00 t-j 00 

ei ei c 5 oi oi oi CO CO 


xaaino o'vaaavo 


00 1-- rM t~ 

01 ci CO ci 


t- oi oo uq 00 «5 r-j in 
CO CO CO CO -Iji 'jj in w 


aONaaaaaia nsdaxo 
saoKaAOiaaxHv 

XK 31 N 00 N 3 DAX 0 

snoNHA aaxiK 


1-1 CM m 

03 © in o 


CO t- -oi in 
© in C 3 in 


l~r-io©©cqcqo 
in un in oi -ji 'ii CO © 


c- W iH -)< w © l-; o 
©©odt^t>i-io© 

rH r-f 


aK3J.K00 

K 30 AX 0 avniHiOT 


ca Cl o 
^ A* *>o 


C5 rH O O t-; to O 
ci 1 -i CO C3 ci O 'A r-1 


KOijKinnsKoo KaoAxo ^ u d « : 

O Ch 3 ^ o» 


l^CIOCO ’^r-*fOt^r-<OOb- 
Sr *01*^000 THTHf-<i-»C0C0rMC0 


t:jhy aovauns 


to CO 
I- o in 


OOCOOOOCO 




Cl r1 CO 01 CO 


KlSOKOVia 


q c rt d cs^ 
o o o o o o 


^ o Q o o <y o 5 
> CJ O W W w ^ 

i 5 v 5 vS» 3 ^> 3 s 


w w ^ 

O 2 O S 

O 4-* O 


c> . o ^ 

S<f ® 

, m LI m ^ 


d 5 ^K 4 wdi 4 Kd *-0 


« c: . 
w * 

I !!> 0> 


o» c 
p* 

I 



BRAKNON ET AE. : HEMODYNAMICS OF ACUTE HE3.rORRHAGE IK JIAK 409 

tions ill serial blood samples were determined with a Beckmann spectrophotom- 
eter. Blood alcohol concentrations were determined by the method of Harger"^ 
wlienever there was any clinical evidence of aleolioli.sm. 

RESULTS 

Observations were made on 13 patients vdth acute blood loss (Table I). In 
11 patients liemorrliage was the result of knife wounds. These patients were 
brought immediately to the hospital and studies were usually begun within an 
hour. The other two patients had bleeding into the gastrointestinal tract from 
a jiexitic ulcer. In none did the circulation appear normal. The systolic arterial 
pressure was below 100 mm. Hg in each instance. The hemorrhage ivas acute 
in the majority of the patients, and complete hemodilution had not oceuiTed, 
In nine patients the hemoglobin level was 10 Gm. or more per 100 c.c. ; in four 
the level was between 9 and 10 6m. The plasma volume was mea.sured in seven 
patients and was found to be below the expected normal level in each instance. 

The cardiac output values are difficult to compare with those of control sub- 
jects because the cardiac output normallj^ varies wnth the size of the subject. 
For this reason we will compare the cardiac index (output in liters per minute 
per square meter of body surface) of patients with hemorrhage with the cardiac 
index of normal subjects. 

The cardiac index of normal young males in the basal state in our lab- 
oratoiy averaged 3.3, with a range of 2.3 to 4.1.° The patients witli hemorrhage 
were brought in from the street, usually in the evening, and were not basal. 
Slany of them were restless and in five subjects the situation was complicated 
by acute alcoholism. Had it not been for the blood loss, the average cardiac 
index in this group would certainly have exceeded that of our basal subjects. 
We have assumed that cardiac output was inadequate in all patients in whom the 
cardiac index was below 2.6 and that it was probably inadequate when the 
index was^below 3. 

Ill the five patients vdth the cardiac index ranging from 2.7 to 5, the clinical 
signs and symptoms of mild shock were present. The atrial pressure tended 
to be low and the mean arterial pressure was decreased. The average arterio- 
venous oxygen difference was 4.2 volumes per cent (normal, 4), and the average 
cardiac index was 3.5 (normal, 3.3). The peripheral resistance tended to be low. 

The cardiac index was below 2.6 in eight patients. These patients presented 
the typical clinical picture of circulatoiy failure. The oxygen consumption 
was not decreased. The arteriovenous oxygen difference was considerably in- 
creased. The systolic, diastolic, and mean arterial pressures were greatly 
lowered. Tlie atrial prassures were low, but not significantly lower than in 
the group with a higher cardiac index. The peripheral resistance was never 
decreased. The average was 1,560, as compared ^vith 1,160 in the control group. 
The peripheral resistance was not related to the level of the blood alcohol. The 
heart rate varied from 68 to 107 beats per minute. There was no correlation 
between the degree of reduction in cardiac output and the heart rate. 
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Restoration of the blood volume Avith physiologic salt solution, human 
albumin solution, whole blood, or gelatin solution resulted in an increase in 
cardiac output, atrial pressure, and arterial pressure. The peripheral resistance 
usually fell sharply. The heart- rate either decreased, increased, or showed no 
change. 

DISCUSSION 

The sequence of events which occur when blood is removed from the body 
can now be described in more detail as the result of the data reported in this 
paper and in other recent contributions to the literature. 

The removal of from 400 to 900 c.c. of blood causes a fall in atrial pressure 
without any other significant finding except a slight rise in heart ratc."^ The 
same results are obtained when blood is pooled in the extremities by venous 
touniiquels.’ The results obtained by the catheter technique liave been con- 
firmed in our laboratorj’’ by the ballistocardiograph and support the conclusions 
drawn from the ballistocardiographic studies reported by Starr and his co- 
workers.® Tliey are at variance with the results of ]\Icl\Iiehael and Sharpey- 
Schafer,” who measured the cardiac output by the catheter technique after veni- 
section and found an abriost linear relationship between the fall in atrial pres- 
sure and the decrease in cardiac output. 

The patients reported here had lost sufficient blood to cause circulatory in- 
sufficiency and represent a more advanced stage of blood loss than had been pro- 
duced in this laboratoiy by the removal of blood from volunteer donors.'^ The 
atrial pressure was found to be lower than that in the control group, but not 
lower than that in the donors who had been bled or in the normal subjects who 
hud blood pooled in their exti'cmities from the application of venous tourniquets.* 

The fact that no further lowering of the atrial pressure was found in these 
subjects with severe circulatory failure is of interest. That the circulatory 
deficiency was the result of a decrease in blood volume was amply demonstrated 
by the results of therapy. Increasing the blood volume uniformly increased 
the cardiac output. It may be that the relationship between the blood volume 
and atrial pressure is not linear. Under these circum.stances the removal of the 
fii-st few hundred cubic centimeters of blood Avould cause a greater and more 
ob\dous fall in atrial pressure than would the subsequent removal of equal 
amounts. The mean atrial pressure a-s measured with a water manometer may 
not reflect the actual variations in atrial preissure throughout the heart cycle. 
Changes in pleural pressure may have masked a decrease in ofTeclive atrial 
pressure. The problem needs further investigation. 

Patients who are injured may have reflex vasodilatation with the picture 
of acute circulatory collapse. In this condition the peripheral resistance falls 
to a low level without a corresponding fall in cardiac output or atrial pre.ssure.^'’ 
Reflex Ta.sodilatation may well have accounted for a lowering of the arterial pres- 
sure in certain patients reporied in this papei*. In all of the patient.s with a 
cardiac index below 2.6 the peripheral resistance was normal or high, indicating 
that reflex vasodilatation had played no part in the low arterial pre.ssurc. Tlic 
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findings are similar to those reported in dogs and indicate at least normal ar- 
teriolar constriction in this stage of hemorrhagic shock.^^ 

In these jiatients liemodilntion was not completed at the time the ohser^m- 
tions on the circulation were made. "When anemia becomes more marked the 
picture is somewhat more complicated because the heart must pump more of the 
anemic blood to supply the body necds.^- During the acute stage of blood loss 
the circulation becomes steadilj* smaller. As hemodilution occurs and anemia 
develops the cardiac output will rise to the normal level. If the hemodilution 
continues the anemia will stimulate the heart to pump more blood and the circu- 
lation will become hyperactive. This sequence of events may be seen in a short 
period of time if plasma or albumin is given and immediate hemodilution ac- 
complished. 

CONCLUSIONS 

1. Studies of the hemodynamics were made in 33 patients vuth circulatoiy 
insufficiency resulting from acute blood loss. Right atrial catheterization was 
employed to secure mixed samples of venous blood and measure the mean right 
atrial pressure. The cardiac output was calculated utilizing the Fick principle. 
The femoral arterial pressure was recorded optically. 

2. In all of the patients the femoral arterial pres.sure was lielow 100 mm, 
of mercury. Complete hemodilution had not occuiTed and the blood volume 
was decreased at the time of the study. 

3. In the five patients with cardiac index above 2.6, signs and symptoms of 
mild shock were present. The arterial and atrial pressures were decreased, 
but the cardiac output, arteriovenous oxygen difference, and the peripheral 
resistance were within the normal or low normal range. Reflex arteriolar dilata- 
tion may well have accounted in part for the low arterial pressure. 

4. In the eight patients with cardiac index below 2.6, the circulation was 
definitely abnoimai The arteriovenous oxygen difference was increased, the 
atrial and arterial pressures were low. The peripheral resistance of the group 
as a whole was elevated. ‘ 

5. An increase in blood volume by the use of intravenous fluid always caused 
a rise in atrial and arterial pressures, an increase in cardiac output, and a fall 
in peripheral resistance. 

6. Circulatory failure from hemorrhage may be complicated by reflex vaso- 
dilatation as occurs in the common faint. If it is uncomplicated by this factor, 
it is not associated with arteriolar dilatation during the firet few hours. 
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THE CIRCULATION IN PENETRATING WOUNDS OF THE CHEST: 
, A STUDY BY THE METHOD OP RIGHT HEART 
CATHETERIZATION 

A. J. Merrill, M.D., J. V. Warren, M.D., E. A. Stead, Jr., M.D., and 

E, S. Brannon, M.D. 

Atlanta, Ga. 

P ENETRATING wounds of the chest are frequently associated with profound 
circulatory disturbances. On admission to the hospital patients with such 
chest wounds present a strildng clinical picture characterized by restlessness, 
sweating, cold extremities, and weak, tliready pulse. The}’- appear so acutely 
ill that the administration of fluid b}*- vein is usually begun immediately. In 
all cases, the condition is complicated bj' some degree of hemorrhage, either 
external or into the pleural space. The majority of these patients improve in 
a short time and characteristically have no further circulatory difficulty unless 
they continue to bleed internally. It was impossible to decide on clinical giT>unds 
whetlier the circulatory collapse was the result of blood loss alone or the result 
of some other mechanism related to the wound in the pleura and lung. 

In order to understand more clearly the state of the circulation in these 
patients, quantitative hemodynamic data were collected on thirteen patients 
with penetrating wounds of the pleura. 

. methods 

The techniques used in this study have been described elsewhere.’’’ The 
right atrium was catheterized to obtain samples of mixed venous blood and to 
measure the right atrial pressure. The arterial pressure was recorded optically 
from a needle placed in the femoral artery. 

The cardiac output is recorded as the cardiac index which is the output 
of the heart per minute per square meter of body surface. The use of the 
cardiac index facilitates the comparison of data between subjects of different 
height and weight. 

' RESULTS 

Thirteen patients with chest injuries wei’e studied (Table I). Ten patients 
i-eceived their injuries from Imives, two from bullets, and one as a result of 
multiple fractured ribs. Eleven of these had blood within the pleural cavity, 
one had a fairly large extrapleural hematoma, and one had free air in the medi- 
astinum but no evidence of extravasated blood in the chest. In only two cases 

From the Medical Service of the Grady Hospital and the Department of Medicine, Emory 
University School of Medicine, Atlanta, Ga. 

The work described in tiiis paper was done under a contract recommended by tlio Com- 
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the Emory University School of Medicine. 
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was there evidence of free air in the pleural cavity, and this was only slight. 
Only one patient (A. E.) was cyanotic. 

Pour of the patients with penetrating pleural wounds showed no clinical 
evidence of circulatory insufficiency on admission to the hospital. The data 
on the circulation in these patients were similar to those obtained in apprehensive 
normal suhjects.^^ The cardiac output was somewhat elevated and the heart 
rate was increased. The atrial pressure was unaltered. 

In nine patients clinical evidence of circulatory insufficiency was present. 
Eiglit of these patients were observed shortly after injuiy. One of them, J. 
McM., had, as’ a complication, a transverse section of the dorsal cord. The ninth 
was a 71-year-old woman (A. E.), who had fractured several ribs and the tibia 
twelve hours before admission. Because none of our normal subjects were 
elderly, the data of patient A. E. were not averaged with those of the otlier 
eight patients mth circulatory insufficiency from chest wounds. In each of the 
other eight patients udth clinical signs of circulatory insufficiency the s 3 'stolie 
arterial pressure was below 100 mm. Hg; in five it was SO mm. or lower. In gen- 
eral, the pulse rate was not greatly elevated. In three it was 75 beats per min- 
ute or lower. The atrial pressure was not significantly- different from that found 
in normal subjects. 

The cardiac output was surprisingly'- high in these eight patients with signs 
of eirculatoiy insufficiency. The marked fall in arterial pressure without a 
corresponding fall in cardiac output indicated a decrease in peripheral re- 
sistance. This could not be correlated with the level of the blood alcohol. In 
only three instances was the cardiac index below the average nonnal value of 
3.3, and even in these patients it was not below the lower range of normal 
values.^ In general the values were similar to those found in normal subjects 
in the basal state. As these patients were not basal and were generally in 
some pain it may be argued that the finding of a cardiac index comparable to 
that present in the normal basal state indicated some degi-ee of circulatory in- 
sufficiency. The fact that the arteriovenous oxygen difference was only slightly 
increased above normal argues against any^ considerable degree of disproportion 
between the requirements of the body for blood and the cardiac output. 

The oxygen consumption tended to be somewhat elevated. The plasma 
volume was measured in five of the eight sulijects and found to be diminished 
from hemorrhage in three of them. The average ventilation in the eight pa- 
tients -with circulatory insufficiency was found to be 3.8 liters per minute per 
square meter. In the four patients who Avere not in eirculatoiy difficulty the 
average ventilation was 4.2 litere per minute per square meter. This compares 
Avith a value of 3.4 for normal subjects and 4.2 for patients with moderate 

chronic anemia.^ 

Five patients received 50 Gm. of human albumin* intraA-enously. Tlie ar- 
terial pressure rose during the therapy. The average increase in cardiac index 
was 0.9.^ The therapy may or may not have caused improvement. Spon- 


♦T’hf. nrntlncts of plasma fractionation employed in this work were developed from 
nnileeted bv the American Red Cross, by the Department of Physical Chemistry-, Har- 
:^tom under a contract recommended by the Committee on 

MedlcapResearch! between the Office of Scientifle Research and Development and Harvard 
University. 
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tujieous rftcovorv' may Jiavc occurred. Five patients with hemorrhage from 
Mipcrficial lacerations were 1 rented with albumin and the averase rise in cardiac 
index was l.S.'* 

DISCUSSION 

The clinical picture of these patients willi penetrating wounds of the pleuia 
is similar to tlmt ])rosentcd by patients w*ith acute blood loss from multiple 
lacerations. The hemod^^lamie data. howcvei% differ in several important ways 
in the two groups. Patients with simple acute blood loss and a systolic arterial 
pressure below 100 mm. Ilg usually have a diminished cardiac output, a low 
atrial pro-ssure and an elevated ])cri])heral resistance. When the blood volume 
i.s increased bj* tlicrapy, the rise in cardiac output is marked. In the patients 
reported here with knife wound.s of the ideurn, the cardiac output was relatively 
normal in spite of the sharp fall in arterial prc.ssure and did not increase mark- 
edh- when the blood volume wa.s raised. T!)c atrial pressure was not dcci’eased 
and the jieripheral resistance urns lowered. It seems therefore that the sequence 
of events leading to the fall in arterial pressure is not tlie same in patients with 
cliest wounds as in patient.s with blood loss alone. 

The sudden circulatory collaji-se which occurs in donors while blood is be- 
ing removed has been studied in this" and other laboratories.®' ' The subjects 
become jiale, sweat profusely, and oomplain of nausea and weakness. The heart 
i-atc slow.s, the atrial pressure remains unchanged or incrca.scs, and the cardiac 
output remaims unchanged. There is a striking fall in arterial pressure and 
peripheral resistance. The circulatory collapse appears to be tlie result of a 
sudden decrease in peripheral resistance because of va.sodilalation, presumably 
in the artcriole.s. As this type of cireulatorj' collapse docs not result from a 
marked fall in atrial pressure and as it may occur before any Idood is actually 
■withdraN^-n, the fall in arterial prc-ssure and peripheral resistance is believed to 
result fi’om reflex dilatation of the arterioles. Tlie skin vessels are contracted 
as shown by the marked pallor, but the vessels in the muscles arc dilated.® It 
is not uninsual for the vc.sscls supplying the skin and muscles to react in an op- 
posite way to the same stimulus.® The afterent impulse initialing the va.sode- 
pressor reflex may come from any of the special sense organs or any sensoiy 
nerves. 

The changc-s in the circulation noted in these })atient.s with circulatory 
collap.se from chest wounds arc similar to the elinngo.s found in subjects will) 
acute reflex arteriolar dilatation. Tlie afferent impulses for the va.sodeprcssor 
reflo: may well oriainate in the ])lcura. It has been showm in dog.s that irrita- 
tion of tlie pleura will result in a striking fall in arterial prc.ssure,® In the pa- 
tient.s repofted here cxlcmsive traiuna to the chest wall was not pi'oseul and all of 
the wounds sverc ea.sily closed. The findings in jiaticuts with cm.shing wound.s 
of the thorax and with extensive destraction of the chest may differ from those 
in our patients. 

SUM MARY AND CONCUUSIONS 

1. QiiGtititmivo hemodynamic data on 13 patients with chest injuries are 
pr»>^ ntctl. Four of these patients had no evidence of circulatory difficult 
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while nine of them did. The studies on those without cireulatory difficulty 
gave values which were similar to those on normal subjects previously reported 
from this laboratory. 

2. The nine patients who had circulatory insufficiency showed hypoten- 
sion, a low peripheral resistance, a relatively normal cardiac output, and a nor- 
mal right atrial pressure. A group of patients who had circulatory insufficiency 
following acute hemorrhage showed hypotension, an increased peripheral re- 
sistance, a low cardiac output, and a low right atrial pressure. 

3. The cireulatory failure in these patients with penetrating wounds of the 
pleura appeared to be primarily the result of arteriolar dilatation. It is be- 
lieved that the arteriolar dilatation is reflex in origin and it is suggested that 
the afferent impulses may arise in the pleura. 
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PKKICARDIAL TA^IPONADE FROI^I BTAB WOUND OF THE HEART 
AND PERICARDIAL EFFUSION OR E:\IPYEJLV: A STUDY 
UTILIZING THE .AIETIIOD OF RIGHT HEART 
CATHETERIZATION 

J. V. WARunx, j\I.D., E. S. Braxxox, i\I.D., E. A. Stkad, Jr., i\I,D., 

AXD A. J. IMerrirl, ]\r.D. 

Ate.\xta, Ga. 

P ATIENTS with peiieJralinir •wounds of the licart with pericardial tamponade 
often pre.spnt the clinical picture of profound shock. Study of tlie.sc patients 
demon.strato.s the presence of a .significantly different hemodynamic situation 
from that occurring in patients ■with shock produced by licmorrliagc or hy stnh 
■wound.s of the chest, Ohsovvaiions on tlie changes in the circulation in seven 
paliont.s with pericardial tamponade from stab wounds of the heart or from 
infection of the peneardium form tlie basis for this roi)orf. 

methods 

Tlie methods used in this study have been de^icribcd previously.’*- The 
technique of right atrial catheterization was utilized for obtaining .snmi)les of 
mixed venous blood and for mca.suring the atrial pressure. The cardiac output 
wa.s calculated utilizing the Pick jirinciple. The arterial pressure was recorded 
optically fi-oin a needle placed in the femoral artery, 

A comparison of the ouf]>ut of the heart per minute between subjects of 
differout size i.s of little value. The heart of a lai'ge penson normallj' pumps 
more bh»od llian Uiat of a .small pei'son. For this ]*ca.son the cardiac indc.x 
which is the output of the heart per minute per square jueter of body ,surfacc Is 
used in comparing the ob.servatioiis oii patients with ])erieardial tamponade -^vith 
tho.se made on other groups. 

RI-SHI.T.S 

Four patients with .slab wounds over the prccordinm were studied soon 
after injury, TJireo of the four had a low arterial pressure and were .sweating 
profusely on admi.ssion, \V. wa.s in .shock when the firet oli.scrvation.s were 
obtained, R. K. rts-eived 3,000 c.c. of pljy.siologie .saline solution a7id 500 c.<*. 
of blood iti the c.mergcncy clinic and .showed no .sitrn of .shock by the time the 
catheter wa-s passed. W. S. was piilscle.ss on admission but had impi*oved with- 
out ti-catmcm. before studic.s were made. All b.ad evidence of increased vcnoti.s 
pressure on inspection of the neck veins. On fiuoro.seopy the e.xcur.sion.s of the 
heriH borders were either not •i'i.sfblc or greatl.v diminished. In one (S. W.), 
pericardial tampona{k‘ wa.s proved at of)ei*atlou. In the other three the location 

lYom tJif* Mf'Ule'i! Servic'*. Cr.iily Hontiltcl. nnC tfic H.m'Ortir.cnt cf Emorj’ 

Ursh#-.'».U>' Scliool of Ar*’Ji<'inp, AtJanta. Gn- 

TJ.'’ r-'orlc C'-'cribi-'J Irs t.’it'? i>'ir>‘’-r v..-sa Oone imacr n. contr.Tict recnrnnc’JuUvl by th'* Corn- 
iWr-.nrcb. tfc.* OClee of ScIcntiCc ic.-ftTrch nntl Hcvt-Iopnicnt ftnJ 

the Kmoty UnU'cr.sity S^-hooI of XTcniicine. 

Ilcffftvrcl for ptJbUcatlon Sept, 17. 1545. 


438 



419 


WAKREN ET AL. : PERICARDIAL TAMPONADE 


of the stab wound, the decreased pulsations of the borders of the heart, ^ the in- 
creased atrial pressure, and the paradoxical pulse made the clinical diagnosis 

fairly definite. r 

The cardiac output was definitely decreased in S. W. and probably de- 
creased in W. S. These patients were not basal, were somewhat apprehensive, 
and would have been expected to have had a cardiac index at least as high as the 
average normal value (3.3) found in basal subjects,^ 

J.B. , ^ mean 95 

'* RATE 120 

78 93 


S.W. 
83-100 
51 54 









MEAN 64 
RATE 88 



MEAN 56 
RATE 120 


W.S. 

100-120 

80 


mean 88 

RATE 100;' 


C.C. 

90-118 

61 


andThTee-as re- 
sult of pericardial infection. 

The atrial pressure was greatly elevated in all the patients.- There was no 
correlation between the height of the atrial pressure and the cardiac output. 
The arterial pulse was paradoxical (Fig. 1) in every instance. The systolic pres- 
sure fell 16 to 20 mm. Hg even during quiet inspiration. The peripheral re- 
sistance was in the high normal range in the two instances in which the cardiac 
output was decreased. The pulse rate ranged from 76 to 100 beats per minute 
and was 88 in the patient udth the lowest cardiac index. 
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Two patients were given fluid intravenoiislj'- after the initial observations 
had been made. N. B. received 25 Gm. of albumin" in 500 c.c. of physiologic 
saline solution, and S. W. received 50 Gm, of albumin in 200 c.c, of fluid. The 
atrial pressure rose 55 and 95 mm. of water, respectively. In each instance the 
arteriovenous oxygen difference decreased, the cardiac output rose, the mean 
arterial pressure increased, and the femoral pulse became somewhat less paradox- 
ical. The evidence of an improved circulation was not striking but because the 
changes in blood pressure, arteriovenous oxygen difference, and cardiac output 
aU went in the same direction, it was believed that the therapy with albumin 
was beneficial. 

Three patients with pericardial tamponade as a result of infection of the 
pericardium were studied. All had distended neck veins and paradoxical pulse, 
but only one of these had marked clinical evidence of shock. 

The cardiac output was inadequate for the needs of the body in each in- 
stance, as shown by the elevated arteriovenous oxygen difference before therapy 
and by the sharp rise in output as the tamponade was relieved. In two patients 
the absolute values for the cardiac index were low and the values for the periph- 
eral resistance were in the high normal range. In all three of the patients a 
rise in output and a fall in peripheral resistance occurred as the peri- 
cardial fluid was removed. The arterial pulse was markedly paradoxical in 
each instance falling from 28 to 49 mm. Hg during quiet inspiration. The 
atrial pressure varied from 190 to 300 mm. of water (average normal value, 31 
mm. of water ) } The pulse rate was uniformly elevated. 

The pericardial sac was tapped and from 410 to 1,100 c.c. of fluid were re- 
moved. The arteriovenous oxygen difference decreased, the cardiac output in- 
creased, the pulse became less paradoxical, and the peripheral resistance de- 
creased. The fall in atrial pressure ranged from 70 to 120 mm. of water. The 
condition of the patients was improved greatly. 

DISCUSSION 

The clinical picture of pericardial tamponade has been well described. Its 
occurrence from a stab wound of the heart is not uncommon at Grady Hospital.® 
On admission the patient is confused, pulseless, and frequently incontinent of 
urine and feces. The veins of the neck are distended, and the pulse if palpable 
is paradoxical. The patient may remain in this condition, he may spontaneously 
improve, or he may improve while fluids are being administered intravenousljL 
The pulsations of the cardiac borders are either diminished or absent. This find- 
ing and the increased venous pressure persist even if the circulation improves. 

When the patient is first seen it is dijSicult to be certain whether circulatory 
failure is the result of refiex arteriolar dilatation as frequently occurs in stab 
wounds of the chest^ or whether it is the result of pericardial tamponade. In 
■ certain patients with prompt improvement of the circulation without therapy, 

♦The products of plasma fractionation employed in this work were developed from blood 
collected by the American Red Cross, by the Department of Physical Chemistry, Harvard 
Medical School, Boston, Mass., under a contract, recommended by the Committee on Medical 
Research, between the Office of Scientific Research and Development and Harvard University. 
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reflex va.sodila{ation is the most likely primary cause of the shock picture. In 
othei-s the persistence of the circulatory failure until the pressure within the 
pericardial sac is lowered is proof that the tamponade is tlie priinaiy cause of 
the circulatory failure. External hemorrhage can be excluded as the primary 
factor because of the increased atrial pressure, but even then blood loss may bo 
a contributory factor. Increased atrial pressure and paradoxical pulse are the 
first signs of circulatoiy failure jjroduced by the rise of pi’cssure within the 
pericardial sac. The pulse may become distinctly paradoxical before there is 
a detectable reduction in the minute output of the heart. 

It is of interest to note that the atrial pressure in the two patients with 
decreased cardiac output did not rise over ISO mm. of water. In a third pa- 
tient, not included in the table beeamso the patient died before the cardiac out- 
put could be measured, the atrial prc.ssuro was ISO mm. of water. H. B. had 
a veiy high atrial pressure with a nonnal cardiac output. lie had received 500 
c.c. of blood and 1,000 e.e. of physiologic saline solution before the atrial pres- 
sure was mca.sured. The rise in venous pressure in the untreated patient with 
acute pericardial tamponade results frean a redistribution of blood vdthin the 
vascular tree and from vasoconstriction.' A small amount of blood may bo 
.shifted from the arterial to the venous sj'stcm as the arterial pressure falls, and 
blood within tlie venous .system may be redistributed by constriction of the 
.smaller vessels so that the i>re.ssure in the venous system rises. The heiglit to 
whicli the ve?ious pressure rises will be determined by the ability of the veins 
to con.strict and by the quantity of blood in (he va.seular bed. The factore caus- 
ing the venous constriction have not yet been detennined. 

If the blood volume is reduced by hemorrhage the venous pressure rise 
will be les-senod. In patients with chronic conjie.stivc failure the ri.se in venous 
pres-sure results in part from tlio increa.se in blood volume.® Becau.se the blood 
volume Is u.sualiy .somewhat dccroased by hemorrhage and is never inerensed 
in ]>aticnts with stab wounds of the heart, the venous pre.ssnre iit these patients 
with sudden tamponade usually docs not reacli the extreme heights to which it 
may rise in chronic congestive heart failure. 

If the blood volume Is raised by giving blood or other iluids in (ni venoms ly 
the venou.s prex.surc ean ho inerea.sed above the level pre.senf before treatment. 
The high atrial pressure in It. B. wa.s probably the re.smlt of the blood and saline 
solution wiiieh he received prior .to our .stud ie-s. The que.stion Jia.s been a.sked as 
to W'liefher raising an already elevated venous ]nT'.s.surc by giving of fluids intrn- 
venou.sly will benefit the circulation in i)atient.s with .stab wounds of the heart. 
The problem has been approached experimentally in two laboraiorir-.s. In one’ 
a further rise in venoms pre.sNure was found to he beneficial-, in the othei' no 
improvement was ohser^-ed. If Is clear that a ri.se in venfm.s pres.sure will not 
improve the circulation un!cs.s the heart is able to rceoive more bh)od during 
dia-stole. This will be possible only if the inerea.sed atrial and pericardia] 
presstUT-s either cause the pericardium to streteh or force .some of the blood out 
of the pericardial sac. Tlie re.sults of administering fluid.s intravcnou.sly in the 
clinic led us to believe that a inrtljcr rl=e in venous pressure was beneficial. 


WARREN ET AL. : PERICARDIAL TAMPONADE 


423 


Quantitative studies in two patients showed some but not a striking improve- 
ment when the atrial pressure was raised above the level present on admission 
by the use of human albumin solution (Fig. 2) . 

The relation between the cardiac output and the ai-terial pressure in the - 
four patients with low cardiac indices (two with stab wounds of the heart and 
two with pericardial effusion) showed no evidence of arteriolar dilatation. The 
peripheral resistance was in the high normal range in all of these patients. This 
high peripheral resistance is similar to that seen in patients with cireulatoiy 
' failure from acute hemorrhage^ and is in sharp contrast to the low peripheral 
resistance seen in patients with circulatory failure from reflex stimulation of the 
pleura from a penetrating wound of the ehest.^ A rise in peripheral resistance 
with a falling cardiac output is also characteristic of congestive heart failure.® 



s 

INITIAL FEMORAL ARTERIALTRACIN6 

SYSTOLIC 83-100 ' 

DIASTOLIC 5I-54MM.H6. 

MEAN 64MM.HG.; RATE 88 



AFTER 50 GM. ALBUMIN 

SYSTOLIC 98-110 
DIASTOLIC 60; MEAN 73 MM. Ha 
RATE 84 


Fig. 2. — Femoral arterial pressure tracings of patient S. W. "who had pericardial tamponade as 

result of a stab wound of the heart. 

The patients with massive pericardial effusions were severely iU. They 
showed the same disturbances in the circulation which were found in the patients 
with tamponade from stab wound of the heart. In the two patients with the 
greatest decrease in cardiac output, the peripheral resistance was in the high 
normal range. The atrial pressure fell very slowly during aspiration of the 
pericardial sac, remainmg above normal after as much as 1,100 c.c. of fluid were 
removed. The reason for this slow fall in pressure was not established. It is 
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possible that the pericardial pressure was still elevated suffieieiitly to account 
for the high atrial pressure. These patients had been in circulatory failure 
for .some time and. a rise in blood volume may have occurred as happens in per- 
.sons witli prolonged circulatorj- insufficiency from heart failure.^ 

Since aspirating the pericardium produces such' dramatic improvement 
in patients with pericardial tamponade from large offusionsj it seemed logical 
to attempt this procedure in patients Avith tamponade from a stab wound in 
the heart. In one of the patients reported here and in two not reported because 
complete data Avere not obtained, aspiration Avas not sueecs-sful. At operation 
or autopsy the blood in the pericardium in tbese three patient.s Avas found to 
be clotted. In Iaa-o patients not included in this report aspiration av.ts success- 
ful. In both of these the aspiration AA*as done immediately after the patient 
entered the hospital without Avaiting for detailed studies on the circulation. 

The folloAA’ing routine luus now been established in the emergency clinic 
at Grady Ho.spital. The patient is giA-cn an infusion of saline .solution and is 
fluoroscoped immediately. If be has the clinical and x-ray signs of pericardial 
tamponade, a.spirafion is attempted at once. The patient receiA'cs a transfusion 
and the operating room is set up. If the aspiration is unsuccessful or if the 
signs of pericardial tamponade recur after a sucec-ssful aspiration, the heart is 
sutured. 

SUJUIARy AND CONCLUSIONS 

1. The disturbances in the circulation produced by jicricardial tamponade 
have been studied b}* the method of right heart eatlietcrization. Four patient.s 
had .stab Avounds of the heari and three Imd pericardial effusion or empyema. 

2. The circulatorj’ failure obsen’cd in patients with stab Avonnds of the 
heart may be caiLsed either by pericardial tamponade, by reflex arteriolar dilata- 
tion, or bj' both. Tamponade causes a decrease in cardiac output and a fall in 
arterial pressure Avithout arteriolar dilatation. The relation betAA'cen the cardiac 
output and the arterial pressure is .similar to that observed in patients Avith 
circulatory failurc from acute homorrbngc. 

3. Paradoxical pulse, elevated A'cnous pre.ssure, and (leerca.S'Cd pulsation 
of the borders of the heart on fluorascopic examination may occur before other 
.‘^ierns of circulatory failurc are present. 

4. The height to Avhieh the venous i)rc.ssurc rise.s in acute pericardial tarn- 
pnnade depend.s on the size of the blood volume and the degree of venocon- 
,‘^lriction. Therefore, there Avill be no rigid correlation between the degree of 
circulatory failure and the heiglit of the venous pressure. 

5. liaising tlie A’cnous pressure by increasing the blood volume through the 
rapid intraA’enous infurion of Imman albumin solution appeared to cause some 
iniprovement in the tAVO patients in whom quantitative data Averc collected. 
This is in agreement Avith our clinical imprc-ssion from ohscrAung the results 
of treating a lai^er group of patients in Avhom (juantitatiA-e data aa'cic not ob- 
tained. 

C. Aspiration of the pericardium Is a .satisfaclorj* method of rolieriiig 
pericardial tamponade in certain patients Avith stab Avoimds of the heart. It 
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should be performed as quickly as possible because the blood in the pericardium 
wiU clot. 

7. The changes in the circulation in patients with tamponade from em- 
pyema or chronic effusion of the pericardium are similar to those observed after 
stab wounds of the heart. The atrial pressure fell slowly as the pericardial 
fluid was removed and in one instance remained elevated after 1,100 c.c. of fluid 
were removed. 
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THE EFFECTS OP ilALAEIA ON THE HEAET 

CArTAix Howard B. Spraguk, jM.C., USNE 

A lthough it is probably time that malaria is the most widespread and 
seiioxis disease in the world, this knowledge had not had a proportionate 
inflncnec upon medical thinking in tlie United States until our Experience in the 
Pacific dui'ing World War 11 brought the problem to the fore. Of the so-called 
tropical di.seases brought back to us from the combat areas, malaria is the one 
about which there arise the most frequent questions. There is concern not only 
about the public health aspects of malaria, but also about its permanent cfTcets 
upon indiwduals infected with the plasmodia. 

Though malaria is a disease from which no organ or ti.ssue is exempt, this 
paper is concerned with its influence upon the circulation, and more particularly 
upon the heart it.self. Of the characteristics peculiar to malaria, those which 
might be expected to afieet the heart arc (1) its chronic and recurrent nature, 
(2) the systemic toxemia of the paroxysm, (3) the profound anemia produced 
by hemolysis and suppression of hemoiioicsis, and (4) the occlusion of capillaries 
and arterioles of the myocardium. The published clinical and pathologic .studies 
of malaria indicate that these arc, in fact, the mcchani.sms involved. 

itnvir.w or lATr.UATnru; 

Medical literatiirc, e.specially that from France, Italy, and Latin America, 
abounds with references to a great number of cardiova.scular injuries attributed 
to malaria. Wliilc in general thc.se references seem to be a mass of supposititious 
material, it must bo conceded that the implications in thc.se popci*s arc partly 
based on observations of Ion g-st a ml in g. inadequately treated cases which would 
not be seen in our Anny, Navy, ajid ^Marine Corps j)ei‘Sounel. 

Ixmg before the malarial jxai’a.site was di.seovered in ISSO, it was believed 
that the heart was frequently injured by the disease.* 1/averan published a dc- 
scrijition of .snich ca.'-cs, and ixi ISOO they were summarized by Ranzicr. Durozic-z 
rejmrfcd instances in wliich malaria had produced variotr.s valvular and myo- 
cardial changes i?i whicli pigmentation was jmominenl. Tremoliere.s and Cau.s- 
sadc described aortic, ooronarA-, endocardial, mural, anfl arterial injuries in 
acute and chronic ca.se.s of malaria. TJiey found 42 crises of j)atients with 
cardiac invobvemenf among 1,000 imtients wdth malaria. In 17 of thc.se 42 ca.scs. 
the involvement was fun'‘tionai: four had precordial pain; four, palpitation; 
three, bnnthb-ssjK-ss: and five, permanent, and one, paiYj.xysnial. tachycardia. 
Cnslc-Ilnni reportcfl a case of heart hloric in a middle-aged Jnan cured by the xisc 

Th*' 0 5n tiii'? n.rt' Ih'' j.rivate or;'^ of ftio ytTlli'r ftr.'l arf* not to 

t*'" <i p." egSi-isI «’r r!< fto-.y: thP vgv.-.a ot fJ:'' frttvj- r><.57;!rtntf'ri' or Uio rfnv/tl rs>-rvi<'f 

St tnrjrf. 

mr l uMf July rc-. 5f*5. 
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of quinine and three eases of angina pectoris cured by the same drug. Lanceraux 
quotes the case of a woman 34 years of age -with angina pectoris and a double 
aortic murmur which he believed were due to malarial aortitis. 

It is of interest to remember that the “de Musset sign,” nodding of the 
head with each heart beat Avhen there is pronounced aortic regurgitation, was 
named for Alfred de Musset by his brother, who ascribed Ms aortitis to malaria 
acquired in Italy. 

Eecent writers have described electrocardiographic changes in malaria, in- 
cluding right bundle branch block (old terminology") and T-wave changes.^’ ® 

EFFECTS OF JIALARIA ON THE CIRCULATION 

Clinical Aspects . — The effect of .malaria on the circulation differs with the 
stage and severity of the disease. In malarial damage to the brain, it has been 
our experience that functional cerebral disturbances most often occur and true 
“cerebral malaria” in which tMombosis of the brain capillaries is the charac- 
teristic pathology’’ occurs but rarely. So in cardiac malaria a series of functional 
aberrations may be commonly found, but tlie sy’iidi’ome of heart failure is veiy 
infrequent. Gaskell and Millar, in a review of their experience in World War 
P with very severe eases of malaria in Serbians, divided the fatal cases into the 
true cerebral, the septicemic, and the cardiac ty’^pes. They stated that, “The 
cardiac ty'^pe is only^ likely to be fatal when hospital arrangements have to cope 
with an overwhelming number of serious cases.” 

It was shovTi by’’ Brovm and Loevenhart (1913)° that the injection of alkaline 
hematin into dogs and eats caused dilatation of the splanchnic vessels, con- 
striction of cutaneous vessels, and marked fall in blood pressure. The slowing 
of the heart and reduction in cardiac output are due mainly to the toxic effect 
on the vasomotor and cardioinMbitory centers. 

Meleney® states that serious circulatory disturbances in man occur almost 
entirely in falciparum infection. Before the paroxysm there are a vagal brady- 
cardia, lowered blood pressure, and slight miosis.^^ During the cold stage 
there is an increasing sympathetic effect, •«’ith a return to vagotonia during the 
sweating stage. Tachycardia and premature beats may be manifestations of 
a direct toxic effect of malaria on the my’’ocardium, and may persist in the 
chronic phases of the ’disease. Manson-Bahr, in 1920, said, “The most acute 
cases die of heart failure, apparently a toxaemic myocarditis.”® 

Pathologic Findings . — Pathologic studies of the heart in fatal malaria have 
been extensive. Over 40 years ago Ewing^ described the dilated, pale, or slightly 
brownish-tinged heart muscle with perinuclear masses of greenish pigment in 
the ceUs. In one exceptional case the distended capillaries of the heart wall 
were filled with young parasites and pigmented cells. In' 1917 at Salonica 
Dudgeon and Clarke® found myocardial changes in malaria similar to those 
of diphtheritic myocarditis. Of their 45 fatal cases, 23 showed fatty degenera- 
tion of the heart muscle. There was also blocldng of the capillaries' and arteri- 
oles, local hemorrhage, and deposit of pigment. Fragmentation of the muscle 
may be extreme. Gaskell and Millar found the subtertian parasites among or 
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within the cardiac muscle cells. In chronic cases there may be fatty degenera- 
tion c'.specially of the muscle of the left ventricle. Tins ha.s even lesulted in 
carfiae nmmysm or rupture of the ventricle.® Gallenga'’ clescribcd primary 
degenerative changes in the cardiac nerves in a case of angina pcctori.s of 
malignant tertian origin. Anderoon^ belie%’cs that malaria has two cardiac cf- 
fect.s. that on the extrinsic vagosjunpathetic nerves and a direct intracardiae 
neuriti.s. Sej'farth/ in his detailed paper on the pathologic anatomy of malaria, 
found that cardiac dcatlis comprised about 14 per cent of the malarial fatalities; 
septicemic deaths, 30 per cent; cerebral deaths, 55 per cent; and renal deaths, 
1 per cent. He described the patliology of the cardiac type as consisting of block- 
age of the coronarj’ radicles with parasites and pigment, and either a toxic myo- 
carditis or heart muscle necrosis, or.fattj' change with c.spocial involvement of 
the conduction sj'stem. " 

In describing the effects of malaria on the peripheral va.scular system, the 
older writei's describe malarial arteriosclerosis, obliterative endarteritis, vcnou.s 
thrombosis, and the previously mentioned "aortitc paludeene.'’ 

•^Conlemporaiy authors generally agree, however, with the recent .slatc- 
ment of Cannon’" that the rotieulo-endothclial sA'.stcm Ls most commonly affected 
in malaria, and that the myocardium and other organs arc rarely affected. Endo- 
thelial phagocytosis fortunately occurs mainly, if not wholly, in the spleen, 
liver, and bone marrow, Furlheimore, it must be emphasised that the malignant 
tertian (falcipannn) malaria parasite is the predominating organism in ful- 
minating, vascular occlusive, fatal malaria regardless of the type of tcminnl 
proce.ss. 

EXPERlF.NCn ^VIT^ SOUTH PACII'IC MALARIA 


The author soiwcd as Chief of Medicine in a Naval Mobile Ilo.spilal in New 
Zealand for a year between Ang. 7, 1942, vrhen the ]\Iarincs started the Solomon 
Lsland.s Campaign, and August, 19-13, when he joined a hospital ship in the 
South Pacific Area. Since Jannaiy, 1944, he has been CJiiof of ^fedicine in a 
largo continental Naval liospital. Thc.se posts have permitted obscivation of 
jnnlariai patients from the early days of their infection to a time almost three 
years later, when the men with relap.sc.s are .still being admitted to the hospital 
Although many thousands of patients with malaria have pa.ssed through these 
medical services, there has been no clear-cut ea.se of malarial heart di.sea.so. The 
most severe cases of malaria, of couree, were .seen in New Zealand in Slarines 
from Guadalcanal. At this time prophylaxis, therapy, and malaria control were 
not well understood.” “'Although three patients died from malaria v.Ith cerebral 
maniie.statians, there wa.s no .sj»ecific ]mthology in (he hi.-ai-t at anlop.sy. Thr- 
only patient simnnng clinical cardiac effect was one v.-ho, during intravenous 
quinine tlsmipy, developed prol)able complete -\-V block with ventricular fibril- 
lation. Tb.e electrocardiogram taken after the patient had responded to in- 


“uous adren.alin showed auricular parox.v.smal taehycariiia with right 


deviation. The patient made a eomiik-te cardiac recoverje “ 


Patient.s with many relapses of vivnx malari.a continue to enter Naval hospi- 
tals sti the I'niled State.s. Imve obs-orved approximately 2,000 relapse ad- 
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mission cases in the past sixteen months. In none of these patients with chronic 
relapsing malaria was any cardiac condition discovered which could be spe- 
cifically attributed to malaria. Any chronic disease, especially one resulting in 
anemia, may produce the symptoms of irritable heart with tachycardia and pre- 
mature beats. Functional systolic murmurs may be found but even these have 
not been common among the patients at the hospital. 

•Al series of 50 eases of recurrent malaria, all but one of the vivax tj^pe, 
were studied electrocardiographically.'"' All of the patients had had recurrent 
malarial attacks, some over a period of thirty-three months. ’^^'Two had cerebral 
sjmiptoms indicating a probable organic change caused by vascular occlusion and 
resulting in the malarial encephalopathj- sjTidrome. The electrocardiograms were 
often recorded directly after tlie ehiU, while the patient was still febrile. Some 
of the patients had had over a dozen relapses. One patient, in addition to eleven 
recurrences, had had scrub typhus and 'scarlet fever, but the cardiac findings 
were normal. In two typical patients observed directly after the chill the 
electrocardiograms were normal, and the pulse rates were 76 and 78. The one 
patient with falciparum parasites in the blood had acquired the infection three 
months before on the west African coast. Again there were no cardiac ab- 
normalities. 

‘'^Among the entire group of 50 patients there was no electrocardiograpliic 
finding which could not be considered either vdthin noinnal variants or of non- 
specific import. In tracings of malarial patients studied in the various 
Naval activities mentioned, we have recorded ventricular and auricular pre- 
mature beats, low T waves associated with anemia, nodal tachycardia, right 
axis deviation of slight degree, sinus bradycardia and tachycardia, and a P-B 
interval of 0.21 second. 

DISCUSSION 

*l^rom the evidence presented in the literature it seems justifiable to con- 
sider that malaria, especially of the malignant tertian t 3 T)e, may rarely be fatal 
by its direct myocardial effect, which is either toxic or anoxic through coronary 
capillary occlusion. On the other hand, even when malarial patients die from 
septicemic or cerebral mechanisms, the heart seems to be very infrequently af- 
fected. 

There is also evidence in the literature that prolonged relapsing malaria in 
natives of malarious countries may result in chronic cardiac disturbances, which 
may progress even to the point of cardiac dilatation, ventricular aueuiysm, and 
cardiac rupture. In chronic malaria the influence of malarial cachexia, which 
is a complex nutritional and hemoclastic affair, accompanied by ividespread 
pigment- deposit throughout the body and by capillary occlusion, may produce 
changes in the circulation*indistinguishable from those of chronic anemia. There 
is no evidence of critical value to show that valvular heart disease or aortitis 
results from malaria. 

The possibility that members of our own Armed Services may develop 
cardiac pathology from recurrent malaria is very remote. Our men are treated 

•This vras done with the cooperation of Commander William A. Coates, M.C. USNR in 
charge of the malaria service. 
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early and adeqiiatelj'; the factors of malnutrition, aiitaminosis, anemin, and 
complications (such as blackAvater fever) are vigorously a flacked, and hospital- 
ization is readily available. 

CONCLUSIONS 

'^ According to the literature hea^y plasmodial infection (especially with 
Plasmodium falciparum) , or mitreated or inadequately treated malaria can 
cause death from myocardial inflammation or capillary infarction, and chronic 
recurrent malaria can produce myocardial pathology similar to that caused bj' 
prolonged anemia, Hoivever, malaria, in our experience with several thousand 
eases occurring in members of the Aimed Forces of the United States, has 
resulted neither in acute cardiac death nor in any proved chronic cardiac disease. ^ 


REFERENCES 


1. Anderson, W. K.: Alalarial P.sychoscs and Neuroses, O.-rford Press, London, 3t>27. 

(Extensive bibliography.) 

2. Giordano, P.; Eight Bundle Branch Block in Chronic Malaria, Hiformn mod, 50; 

40S, 3910. 

3. Carillo, E. G.: Cardiovascular Apparatus in Jfalaria, Arch. latino am. do cardiol. y 

heraat. 9: 209, 3939. 

4. Gaskell, J. F., and Jlillar, W. L, : Studies on Malignant Malaria in Macedonia, tjimrf. 

J. 3vled. 13: 383 3939-1920. 

5. Melcney, H. E.: The P! Pr'l'') -'y of Alalaria, Section V, in A Symposium 

on Human Malaria,';-. P:.' ‘ ■■-‘•••■'No. 35 of the American Association for 

the Advancement of Science, Washington, 39-13. 

6. Seyfarth, C.:- Die Afalaria. In Henke, 1^., and Luhar-cch, 0.: Handb. dor spoziellcn 

und Histologic, Berlin, 3920, Springer, voL 3, p. 390. 

7. Ervin,;, ■■ to Pathological Anatomv of Malarial J’cvi-r, J. E.vpor. Mod. 

6: 310, 3001. 

8. Dudgeon, L. S., and Clarke, C.: A Contribution to flic Microscopical Hi.stology of 

Jilaiaria, Lancet 2; 353, 3937. 

9. Gnllenga, I disturbi cardiaci nclla malaria, Soc. Jaiicis. degJi. osped. di Itonm 1: 3, 

1902. 

10. Some Pathologic Aspects of Human Malaria, Section V, in A Symposium on Hinnnn 
Malaria, v.s Supra, p. 215. 

13. McGinn, S., and Carmodv, J, T. B. Cerebral Svmpfoms in Mnlarin, T7, B. Nav. Af. Bull. 

13: 1157, 1914. 

12. Beforcnco 3, p. CL 



FURTHER OBSERVATIONS ON THE USE OP Jk'rERCUPURIN 

ADMINISTERED ORALLY 

Robert C. Batterman, M.D., Arthur C. DeGraef, M.D., and 

Harold M. Shorr, M.D. 

New York, N. Y. 


S INCE the presentation of the original reporU on the oral use of Mercupiirin, 
additional information concerning its value for the treatment of congestive 
heart failure has become available. It must be stressed that the oral admin- 
istration of a mercurial diuretic is not recommended to replace the intravenous 
preparations. We are not concerned with the comparative potency of the oral 
and parenteral preparations in the same patient, for there is no doubt that the 
intravenous preparations are superior to oral preparations and are more reliable 
in producing a diuresis. However, many patients can be benefited by the oral use 
of a mercurial. This investigation was, therefore, undertaken in an effort to 
answer the follovdng two questions: (1) Is the mercurial diuretic in the form 
administered oraUy an effective and safe diuretic for relieving the signs and 
symptoms of congestive heart failure present in the average patient? (2) If the 
oral preparation is effective, how should it be administered in order to obtain its 
maximum value? Factors such as degree of edema, severity of the heart dis- 
ease, the effect of the concomitant administration of other medications, and the 
question of whether the patient is ambulatoiy or bedridden must be carefully 
considered. 

The oral preparation of Mercupurin'^ was studied in both hospitalized and 
ambulatory patients, according to several plans. Although the single and 
multiple dose methods of administration have already been reported, for the 
sake of completeness, summaries of our experiences with all methods of admin- 
istration have been included in this report. A total of 81 patients presenting 
aU stages of congestive heart failure were given Mercupurin orally. Fifty-six 
were treated exclusively as hospitalized patients, five were observed as both 
hospitalized and ambulatory patients, and 20 were treated solely as ambulatory 
patients. 

The method for studying diuretics which has proved most satisfaetorjy in 
our hands has been presented previously.^-* A practical and relatively quick 
appraisal of the effectiveness of a diuretic can be gained in hospitalized patients 
by administration of the preparation after a preliminary period sufficiently long 
to evaluate concomitant therapeutic measures, such as bed rest, digitalization. 
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tablet contains 120 ms._ of Mercupurin, which is equivalent to 30 mg, of mercury 
anhydrous theophylhne, whereas 1 c.c. of the parenteral solution contains 135 
mg. of Mercupurin. Mercupurin tablets were supplied by Campbell Products, Inc., New York, 
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or ilio effeetivcne5s of other diuretic agents. The length of this control period 
depends upon the condition of the patient and may vary between three days 
and several weels. As a rule, when a patient is hospitalized for severe congestive 
heart failure, he is watched constantly for any eliango in clinical status. If he 
becomes worse he is given the diuretic immediately. The majority of patients, 
however, are obseiTed for several days in order to e-vclude the spontaneous 
diuresis which so often occurs after a few days of bed rest. Patients who respond 
to digitalization are not given the dim-etic. If digitalis alone no longer produces 
satisfaeforj* diuresis, the mercurial is administered after the maintenance dose 
of digitalis has been established. If improvement is e^ddenced by the weight 
curve, it can be assumed, especially if consistent results are obtained in a 
majority of the patients, that the diuretic was responsible for the improvement. 
A diuretic response is considered to be an effective one if the patient loses nf 
least three pounds of edema fluid. In the single dose method, this response 
should occur within forty-eight hours. When the multiple dose method is used, 
the diuresis should occur during the period of administration, or at least no later 
than twenty-four hours after the drug is discontinued. 

/. Single Dose Method . — ^In an effort to delennine whether or not Jlercu- 
purin administered orally in a single dose could produce an effective diuresis, 
five tablets (a single dose) were given to 24 patients, some of whom were treated 
more tlian once, for a total of 31 trials. A satisfactoiy response was obtained 
in 38 trials (5S per cent), or 16 patients (67 per cent). Diuresis usually began 
within four to twelve houi-s, and with few c.\ccptions was completed in less than 
twenty-four hours. This method of administration is not reliable and the degree 
of diuresis obtained by its use does not approach that produced by the intra- 
venous preparation. 

IL Multiple Dose Method . — One to three tablets three times daily for a 
period of two to five days constituted a trial or course of treatment. Thirty- 
nine such coun-es were given to 29 patients. A satisfactory response "was ob- 
tained in 2.7 trials (67 per cent), or 20 patients (69 per cent). Diuresis wms 
usually slow in develoiiing and in many patients did not reach its peak until the 
drug had been given for forty-eight horn's. Nevci'lholcss, the total diuretic re- 
sponse frequently approached that achieved with an inti-avenous preparation. 
This metb.od is not the one of choice wdien rapid removal of edema fluid is desired. 
It is, however, the ideal metliod for patients who do not require emergency 
measures, for those wlio should have the edema fluid removed gradually, and for 
thasc who cannot bo given the diuretic parenterally. 

In considering the .‘Jceiningly liigh percentage of failures in our study, it 
must be emphasized that in evaluating the eficctivcness of any new drag, con- 
sideration must be given to concomitant therapeutic proccdurc.s. For this 
reason dinii.ilis or ammonium chloride was deliberately withheld in several 
trials. Vfe would undoubtedly have obtained n -much higher incidence of ef- 
mctivencf-’s if the patients had been given theso or other drags. Our .'•■tudics 


convinced 
os well a 


us that previous, digitalization and the maintenance of digitalis effects, 
s si!T4ultaneou« adminlsfnuion of ammonium chloride, arc desirable 


when an oral dinr>':fm is used, %Vc bedieve that unoatisfactory rcapom.os oe- 
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eiirred only in those patients who had a minimal degree of heart failure or in 
those whose heart disease was so severe that only a parenteral preparation 
could have resulted in diuresis. The use of the oral preparation is contrain- 
dicated when the response to the previous administration of a parenteral di- 
uretic was unsatisfactory. Not only would the oral preparation he of no avail, 
hut it might produce untoward reactions. Similar situations are encountered in 
the treatment of bronchial asthma with various epinephrine derivatives. For 
instance, epinephrine in oil cannot he expected to give relief when aqueous 
epinephriue hydrochloride has proved to he ineffective. 

The slower diuresis .produced hy the oral mercurial administered hy the 
multiple dose method is indicated in manj’- patients. The oral method also en- 
ables the physician to treat patients to whom it is difficult to admiuister the drug 
hy injection. Although the immediate diuresis may not he great, the effect of 
the oral Mercupurin may he more prolonged than that produced hy the paren- 
teraUy administered drug. Thus, patients who reaccumulate edema rapidly 
and for this reason require intravenous medication at frequent iutervals, may 
accumulate their edema at a much slower rate, or not at all, when given the oral 
preparation. A diuretic "with a slow but definite diuretic effect seems to allow 
the patient’s heart to compensate to a greater degree. 

The multiple dose method has particular value in the treatment of ambu- 
latory patients. For those patients who require a mercurial diuretic only oc- 
casionally and whose congestive heart failure is not too severe, the use of the 
oral preparation makes fewer clinic ^dsits neeessaiy. The dose and scheme of 
administration must be determined for each patient. Once these are established, 
the patient readily learns the most propitious time for sell-administration of the 
tablets. 

In 10 of the 13 ambulatory patients studied, the response was considered 
to be satisfactory. Out of 152 trials, only eight resulted in an meff’ective re- 
sponse. However, it should be remembered that the majority of the trials were 
in patients whose initial responses were favorable, and the drug was, therefore, 
continued as required. Thus, two patients (3 and 7, Table II^) udth advanced 
rheumatic heart disease have taken 32 and 44 courses, respectively, and have re- 
mained very well controlled as ambulatory patients for over two years, while, 
with the use of the intravenous preparation, they had spent several weeks or 
months of each year in the hospital. 

Toxicity with the multiple dose method was of little consequence in hospi- 
talized patients. Mild gastroiutestinal irritation of a transient nature was ob- 
served in only two of the 29 hospitalized patients. The ambulatory patient 
seemed more prone to develop gastrointestinal irritation, since it was noted in 
6 of the 13 patients so treated. The cliaracteristics of these reactions have been 
discussed in detail previously.^ Such reactions do not usually limit the use- 
fulness of the drug, since they may not recur upon repeated trials. No explana- 
tion fer the higher incidence of gastrointestinal irritation in the ambulatory 
patients has been found. However, we have observed that many other drugs 
cause more untoward reactions in ambulatory patients than thej’- do in hospi- 
talized patients. 
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Evidence of kidney imtation was observed in only one of ihe 42 patients 
treated by the multiple dose method. This consisted -of an increasing albu- 
mintiria after nineteen months of therapy which included 26 trials of one tablet 
three times daily for three-day periods. Since there was no evidence of gen- 
eralized morcurlalism and since the specific gravity of the urine revealed good 
concentrating ability, the presence of albuminuria was not con.sidercd to contra- 
indicate the continuation of therapy. 

III. Daily Dose Method . — The daily maintenance dose of Jlcrcupurin ad- 
ministered orally was followed in 26 ho.spitalizcd patients for 30 trials and in 
18 ambulatoiy ])aticnts for 31 trials. All of these patients were in progressively 
severe congestive heart failure which no longer responded to a maintenance dose 
of digitalis. With few e.veeptions all had been receiving frequent injections of 
^rcrcupurin inlravenousl}’. These injections brought temporary relief but did 
not prevent the reaceumulation of the edema. The 26 hospitalized patients re- 
ceived two tablets in an undivided dose for periods of seven to forty-one days 
(avei'age period, nineteen daj-s). The ambulatoiy group of patients have, to 
date, received from one to two tablets daily for periods of one to ,fort.y-nine 
weeks (average period, sixteen weeks) of continuous therapy. The patients of 
both groups were observed \rith and without the additional administration of 
ammonium chloride. In several instances the value of ammonium chloride was 
demonstrated bj' instituting its use after it was apparent that diuresis would 
not be jiroduced by the administration of Jlcreupurin alone. It soon became 
evident that patients in severe congestive heart failure required several days of 
oral lilcrcupui'in therapy before diuresis occurred. In those ambulatoiy pa- 
tients who had been receiving i\Icreupurin intravenously at intervals of throe 
to four days or a week, it was nccessaiy to continue this regime until the oral 
drug became effective. To avoid undue overloading of the kidney.s with mer- 
cury, it is recommended that no greater dose than 1 c.c. of the parenteral 
preparation be used. This procedure akso avoids the tremendous diuresis, 
amounting in some patients to ns much as 15 to 20 pounds of fiuid, and the likeli- 
hood of complications or sequelae, which may occur when the usual parenteral 
dose is administered after the oral administration of 30 or 60 mg. of morcurj’’ 
for so^-cral days. 

The patients wJio responded to the daily dose required from four to four- 
teen days (an average of seven days) of continuous therapy before the medica- 
tion became effeetivo. Of the 26 hosidtalized pationt.s complete removal of the 
edema and alleviation of acute symptoms such as paro.xysmal dyspnea wore 
obtained in 15 patients who had been previously uncontrolled. In four j)atic‘ntf: 
the diuresis was insufiicient to alleviate completely the .signs and .synptoms of 
congestive heart failure, but definitely improved the cardiac .status so that 
citi’.or intravenous mercurial diuretics were required less frfMjuciitly or delayed 
the rcaminuilatir.n of the edema. An ctTcctive diure.si.s was, therefore, attained 
in 73 per cent of the hfjspitalizc-d ])atient.s. 


In the ambulator^' group (IS pntienl.s) tJic results were oven more gratify- 
ing, with effective diuresis being produced in 77 per cent of the jmtietit.s. Ten 
patir-nt.s with marked conKc.stivc heart failure, who attended clinic rcguhirh' 
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for weeldy or bhveeldy injections of Merciipnrin, became edema-free and pre- 
sented minimal or no signs of decompensation. The status of four of the pa- 
tients was improved: the edema did not reacciimulate as rapidly as before, 
and the necessity for intravenous mercurial diuretics was decreased. 

The oral administration of Mercupurin failed in seven hospitalized and four 
ambulatory patients. Failure could be attributed in most cases to the severity 
"of the heart condition, since eight of the 11 patients died shortly thereafter in 
spite of all efforts to induce diuresis. All eight of these patients also stopped 
responding to the intravenous mercurial diuretics. When a parenteral prepara- 
tion no longer induces an effective diuresis, it is only natural to try other means 
of therapy. However, for such patients oral Mercupurin is of no value, and its 
use may result in mercurialism. Other reasons for failure were insufficiently 
long periods of treatment and the omission of the simultaneous administration 
of annnonium cliloride. 

Toxicity associated with the daily dose assumed several forms. The most 
'common untoward reaction was digitalis toxicity related to the phenomena of 
mobilization of the digitalis from the edema fluid at the time of diuresis.^ Thus, 
digitalis toxicity invariably occurred after diuresis was well’ established, i.e., after 
four to fourteen days of daily dosage, when the existing edema was in the 
process of being removed. Digitalis toxicity was observed in flve of the hospi- 
talized patients (19 per cent) and in six of the ambulatory patients (33 per 
cent) ; 11 of the 44 patients (25 per cent) receiving the daily dose. The 
classical signs of digitalis toxicity were observed. The rhythm changed from 
normal sinus rhythm to auricular fibrillation (four instances) ; there was a 
marked slowing of the ventricular rate of an underlying aurieular fibrillation 
(four instances) ; A-V conduction time, as measured by the P-B intervals, in- 
creased to the level of partial block (two instances) . However, when there was 
anorexia, nausea, vomiting, or diarrhea, it was difficult to decide whether the 
disturbance was due to gastrointestinal irritation from the oral Mercupurin 
or was a sjnnptom of digitalis toxicity. Proof that these reactions were caused 
by digitalis toxicity was obtained when it was found that the gastrointestinal 
symptoms of all these patients subsided completely when digitalis was discon- 
tinued or decreased, even though the oral Mercupurin was administered un- 
interruptedly. Therefore, all patients presenting gastrointestinal symptoms, 
whether or not they presented the classical unequivocal signs of digitalis tox- 
icity, were subsequently treated with smaller maintenance doses of digitalis. 
We have no doubt that true gastrointestinal irritation caused by the daily dose 
of oral Mercupurin may be encountered, although it was not observed in our 
series of patients. 

Of more importance is the early recognition of mercurialism. G-astro- 
intestinal symptoms associated with increasing albuminuria occurred in three 
instances. This occurred usually within a few weeks of the institution of therapy 
and only in patients who had already presented evidence of kidney disease. In 
one of these three patients these symptoms were associated with severe gingivitis 
and elevation of the nonprotein nitrogen. All of these manifestations sub- 
sided when the diuretic was discontinued. Poui’ other patients presented in- 
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creasing albiimintirin, hut only after continuous therapy for moi*c than thirty 
weeks. Pear of impending generalized mercurialism prompted the cos'=^ation of 
therapy in these four patients. However, they returned to the clinic or hospital 
in such severe congestive heail failure that administration of the oral diuretic 
was reinstituted in spite of tlio albuminuria. None of these patients demon- 
strated other signs of mercurialism. Not only did they continue to have a favor- 
able diuretic response, but, even after additional therapy for as long ns twenty 
weeixs, they did not develop additional to.vicitj'. Our e.Kperienee with these pa- 
tients and with many other patients who presented albuminuria before therapy 
was begun but did not develop further toxicity, leads us to believe that albu- 
minuria per se does not contraindicate the continuation of the use of mercurial 
diuretics. Tliese patients should, of course, be carefully oliscrved for early 
signs of generalized mercurialism. It is our present policy, after tlie maximum 
effect of the oral diuretic has been achieved, to allow the patient a rest period 
of one week, and then to continue the diuretic for one month. Short rest periods 
ai-e given between each monthly course. 

Mild gingiritis was observed in four patients (9 per cent, including the 
patient already discussed). Tlie gingivitis subsided promptly when therapy was 
discontinued. Two of the patients, given the oral therapy a second time, did 
not develop toxicity. 

The most serious complication was the occurrence of uremia, Tlie non- 
protein nitrogen became elevated in two of tlie Jiospitalized patients. Follow- 
ing thirty-two days of continuous therapy, the fiist j)aticnt (already di.scu.ssod) 
had a ri.se of the nonprolcin nitrogen to 52 mg, ])er cent. After twenty dny.s 
of continuous therapy tJje second patient, a 70-yenr-o)d woman with arforio- 
sclerotic heart di.seasc, became stuporous. 9'his was associated with namsca, 
vomiting, and elevation of the nonprotein nitrogen to 112 mg. per cent. Prior 
If) the appearance of these s^7nptoms, a good diuresis had been obtained, in spite 
of a fixalion of .specific gravity of the urine. Wlien the medication was discon- 
tinued. the nonprotcin nitrogen ivturncd to normal limits, hut the patient re- 
aeeumiilatcd the edema. A .second trial eon.slsting of twelve days of therapy 
again produced diuresis and an elevation of the nonprolcin nitrogen to 90 mg. 
per cent. At no lime did the patient .show albuminuria or gingivitis. In tlie 
light of this experience, we believe that the oral mercurial should not he u.sed in 
any jjatient who ju-esents impaired kidney function, such a.s fixation of urinar>' 
specific gravity. 

COMMJ'.NT.s , 


The results indicate the value of the maintenance dose of .Mercnpnrin ad- 
minlstejxd orally in the Irtsifment of patients with eongo.stive heart failure. We 
fed that the effectiveness of the nieth.Mi outweigh.s the passibilify of the oc- 
currence of to.N-ic rcactiom-'. It has its greatest usefulness in itatienfs wills con- 
gislivc heart failure who have exhausted the value of a maitslenanec dose of 
digitalis and who, in sjdtc of rcjicatcd injcction.s of a mercurial diuretic, ri'ac- 
cumtslaic- their edema or experience n recurrence of acute .syjnptoms. The 
oral diuretic will rctnovc all sietis and symptoms of faibire in such patient.*- 
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making it possible either to dispense with the intravenous preparation or to de- 
crease the number of injections required. We have never been able to achieve 
these results vdth any of the oral xanthine derivatives. Only since we have 
been using mercurial diuretics orally have we been able to improve the general 
status as well as the morale of patients with severe congestive heart failure and 
to make these patients continuously comfortable. 
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.^L\SS^VB LEFT AURICLE -WITH SPECIAL REFERENCE TO ITS 

ETIOLOGY AND ]\IECniiNISI^r 

Report of a Case 

Aauo's E, Parsonni-tt, M.D., Arthur Bicrnstein, ^I.D., axd 
Harrison S. 3L\rtland, ]\r.D. 

Newark, N. J. 

M ASSrV^E dilation of the left auricle of such an extent tliat this chamlicr 
actually formed a part of the right border of the heart was described in 
1901 by Owen and Fenton.^ Since that time, there have been a number of 
such cases reported.’’^' In reading these various papers we have been im- 
pressed chiefly Arith the various suggestions as to the possible causes of such 
enormous left auricles and the apparent benign course that the disease tabes 
before heart failure appears. 

The heart in the case that avc wish to report, while similar to others dis- 
cussed in the literature, is apparently one of the largest recorded, w-cighing 
1,000 gi'ams and containing over 2,000 e.e, of blood. Hearts weighing over 
1,000 grams are considered rare since loss than .00 cases have been recorded 
in the literature in the last one hundred years.*® The relatively few reported 
eases are not, howcA'cr, an accurate mc-asurc of the frequency of large hearts. 
Large hearts are not infrequently seen in any large autopsy service; one of u.s 
(H, S. IM.) has in the museum of the Newark City Hospital a rheumatic licarl 
with aortic regurgitation and mitral insufliciency Aveighing 1,250 grams, a 
syphilitic heart Avith aortic regurgitation Aveighing 1,100 grams, an hyperten- 
sive heart weighing 900 grams, and a heart Avith primarj' sarcoma weighing 
1,500 gram.s. 

^lassivc left auricle is considered by most authorities as a rare or un- 
usual condition. We helicA'c, however, that it is more frequent than tlunighl 
to be. 

CASK nr.POKT 

llistonj, — AV. At., n .".l-year-oUl white nmn, while* rjuictly nt honw, nmWenly cow 

plninc*! of snih^tcrna! prc55iiro, ga-sped, and died within a few miimfes, AA’lien B years of 
ago he had had his first nttncl: of rhcum.'itic fe\-er, ivith a typical migratory* poSyr-rthriti” 
involving most of the joints of his estremiii.*?. Between the ages of S and It year.*; hr 
had had recnrrenf, mild attacks of arthritis every spring. The^e illnes'ses u<«tm11y la*!!-.! 
about two months and gnidtially cleared up with the approach of sununer. Whrrj he v.r.« 
10 years of age his tonsils were removed, althmigh he had had no rare throats or frwineat 
colds. AVhen he was year? of age an infecte.l stipernumer.ary tooth in the Ir'ft vp^rs-r jaw 
wrs.'j reraovc'l along with n jK»rtiori of thf hone v-lueh wa« nh'o infected. .After this operrttion, 

ITrefrt ttw J!»--tic/st Fer%Jc>* of I>r. .Aaron It. ParMnne!, NV-v.-rirk tt'-'h lerar! Ho-jiU-.l, 

for publiCAt!^ rj. Jun** 2**. 
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all arthritic attacks ceased, except for slight stiffening in one joint or another during damp 
weather. The patient was told at tliis time that his heart was affected. However, he had 
no cardiac symptoms. At the age of 15 he became a plumber's apprentice and, after 
four years, a journeyman plumber. During the next five ymars he engaged in amateur 
boxing, taldng on bouts almost weekly without undue dyspnea or fatigue. He ran 5 or 6 
miles two or three times a week without any difiiculty. Wlien 18 years old he ran to the 
top of the Washington Monument in fifteen minutes. His only reaction at the end of the 
climb was slight shortness of breath for several minutes and marked fatigue of his legs 
for about half an hour. 

At the age of 29 he first began to have difficulty with his heart. He developed a 
short, hacking, nonproductive cough which he attributed to cigarettes. On one occasion 
he coughed up a small amount of bright red blood and was hospitalized for five days. 
His cough then ceased, and he returned to work. When 31 jmars of age he began to be 
dyspneic on slight exertion, and slight edema of the ankles appeared. After three days 
of particularly strenuous work which involved the use of a 15-pound sledge hammer, he 
developed severe dyspnea and orthopnea with generalized edema. This condition im- 
proved considerably after two weeks rest in bed, and he returned to work. In a short 
time, however, he had another severe break in compensation which necessitated two and 
one-half months of bed rest and digitalis therapy. After this episode breathing began 
to be associated with sharp, severe pains which radiated up and down the sternum. He 
also became conscious of his heartbeat. To make matters worse, the patient developed 
difficulty in swallomng with the result that two or three minutes were required for a bolus 
of food to pass through the esophagus. 

Six months after the onset of cardiac symptoms, the patient was admitted to the 
Newark Beth Israel Hospital. 

Examimtion . — On initial examination the patient was sitting up in bed, and appeared 
to be fairly comfortable. There was no cyanosis, edema, or clubbing of the fingers. 
The blood pressure was 130/70 in both arms. The apex impulse was 16 cm. to left of the 
midline in the seventh intercostal space. A precordial heave was obser%'ed with each heart- 
beat. The heart sounds were of fair quality. Auricular fibrillation with a slow ventricular 
rate and no pulse deficit was present, A harsh, loud, systolic murmur was best heard in 
the region of the left nipple. The murmur was transmitted to the left axilla and down 
to the eighth rib in the anterior axillary line. This murmur obliterated the first sound but 
did not replace the second sound. About 1 inch below and to the right of the left nipple, 
this systoKc murmur became musical and whistling in character and was heard to the 
midline. Just to the right and below the left nipple, a short, rumbling, loud presystolic 
mitral murmur was heard which was not* transmitted. Over this same area a presystolic 
thrill was felt. Over the aortic area a short, musical, diastolic murmur, just preceding 
systole, was present, A very soft, short, blowing, sj^stolic murmur was also heard in the 
same area. Over the tricuspid area a soft systolic murmur, replacing the first sound, was 
heard. Only occasionally was a systolic murmur elicited over the pulmonic area. Though 
these murmurs were generally demonstrable, they were not constantly present. 

The remainder of the physical examination was essentially negative. During his sta}' 
in the hospital the temperature was normal, the pulse ranged from 40 to 88 per minute, 
and the respirations were 20 per minute. 

The urine, blood coxmt, and blood chemistry studies were normal, and serologic tests 
for sjqphilis were negative. 

Siibseqxient Course , — ^After three months’ stay in the hospital he was discharged as 
improved with the clinical diagnosis of “rheumatic heart disease with massive left auricle." 
During the next six months he had three attacks of decompensation which necessitated 
three short periods of hospitalization. In the intervals, he was kept fairly comfortable by 
small doses of digitalis and much rest and was able to do some very light work. His weight 
remained normal, he ran no fever, and he developed no anemia. Except for an occasional 
small hemoptysis and some substemal pain, which occasionally was severe and radiated to 






Mk. !. ri-UTfuMilKcnn'-rrams shoivinfr ina.i.^lvc left auricle. Anteroposterior and rlRiit laterni vi<'\e: 




Fig. 2. — ^Electrocardiograms showing auricular fibrillation. 
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tlie left arm, lio did quite well until his sudden death at the age of 3:; j'Cars, tiirce vears 
after his heart first gave symptoms and 2j j-cars after Ids original attach of rheunatic 
fever. 

Aviopsy . — The heart vras found to be enonnously enlarged, filling practic.nllv the ec 
tire chest. The heart contained over 2,000 c.c. of dark fluid blood most of which \Ta£ in a 
massive left auricle. “When opened and empty, the heart weighed 1,000 grams. 

Gross Z's^aminaiion of Heart . — The heart was greatly enlarged and the visceral peri 
cardium over all four chambers showed numerous loose tags of fibrous adhesions (Fig. 3). 
The striking feature was the sire of the left auricle which was ballooned out into a large, 
thin sac, measuring 14 cm. in diameter. Most of the auricular wall was unusually thin and 
had an average thickness of 1 mm. (normal, 1 to 2 mm.), but at the top of the auricle 
near the auricular appendLv the wall was 3 mm. in tliiclmess (Fig. 3). The cndoimrdmm 
over most of the auricle was smooth and opaque, but above the posterior cusp of the mitral 
valve it was roughened, wrinkled, and thrown into small ridges and fissure« (JlnrCallunFs 
patch). On the posterior wall of the auricle there were two semilunar endocardial pockets 
consisting of fibrous thickening of the mural endocardium, with the concavities of thc»e 
pockets pointed toward the pulmonary veins. The aurirnJar appendix showed large and 



J'lr. 3- — Heart showlnp massive left aurfcl'', old pericardial adhc’-ton'?, and a tarpe, turhd, 

rubher;' mitral vahe wjUiout stcnosl". 


hvpertrophied trabeculae and wtis free from thrombu-' fomsation. The mitral orifice ’.'fs® 
larger than normal and, before the heart was opened, mu'’t ha\e tasily admitted over three 
finger?. Tlio circumference of tiif mitral valve men'^ured 13 cm. I'nomml, 10 cm.). Both 
leaflet? of the mitral valve were ditfu^cly thiclencd, opaque, curled, and rubbery in eon 
‘listener. Titer contained no vennirac on Sbrir clo-urc line and no fibrous ridgf'! sndicntitig 
healing of former 's-ernmae. Tiierc wa« no c.nicif.ration in the mitral cusjw, -no j>r<don«'U'-t 
nttro! sicnn:if, and no nnmdar scIerO'm. The p.redonrinant anatomic vahular hrion was 
a mitral iuniRsciency. Tie ehordne tendine'u of the mitral valve si.owed no fijortemag 
but were thickened and uni!‘’ua}Iy long, hairng an nvrrnge JcugUi of .3 to 4 cratimfLr. 
There was no funou at their origin or in"‘'rtion. Both papillur;' nsturh •• rhorid '“igl*! 


aptC"!’ fibro'’’*. 

The left ventricle va*- livjurtr 
eta.). Tl.e myo'ardsun. rlonul no 

«Ior.ei r'v sjr frtdo*nTi1so! tibre-sic 


vpkled M.d Mcu^urid 2 ..' eto. i" {!>>")' 
%‘i*'ibb scirrifij* and fie r.tis 

T! c aorttc orifice nu a'afed ^ f> cm. 


r.t ('norwal, 1.3 
tmueparcat ? ns! 
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(normal, 7 cm.)* The aortic cusps were normal and there was no verruca formation, fusion 
of cusps, or calcification. The orifices of both coronary arteries were normal in size. The 
lumen of the coronaries was patent throughout, and their intima showed only an occasional, 
soft, yellow placque which did not narrow the lumen. The aortic arch was elastic, of 
normal thiclrness, and showed no atheroma with the exception of two large hyaline placques 
near the orifice of the left aubcla%nan artery. There was no syphilitic aortitis and no 
stenosis of the aortic isthmus. The descending aorta showed a few yellow streahs of 
atheroma. 

The right auricle was greatly dilated and its walls were hypertrophied. The foramen 
ovale was closed. The right auricular appendix showed prominent trabeculation and con- 
tained no thrombus. The tricuspid orifice measured 12.5 cm. in circumference (normal, 
12 cm.), and all three leaflets, while large, were normal in appearance and contained no 
verrucae. The chordae tendineae were delicate and not thickened. 



Fig. 4. — ^Rheumatic, interstitial mitral valvulitis. Curled mitral leaflets without verrucae. 

The right ventricle was greatly dilated and hypertrophied, especially in the pulmo- 
nary conus, and measured' 8 mm. in thickness (normal, 3 mm.). The columnae carneae were 
hypertrophied. The pulmonic valve circumference was 8 cm. (normal). The cusps were 
normal and showed no verruca formation. The pulmonary artery showed no atheroma and 
was normal in appearance. 

A.tmtOTTiic Diagnosis. The anatomic diagnosis was rheumatic heart disease with mas- 
sive left auricle without mitral stenosis and chronic passive congestion of lungs, spleen, 
liver, and kidneys. , ^ ’ 
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IlistoJogic Examination of Heart.— The pericardium sho\vod marked tliirkening due te 
acellule.r librol)lastic tisisue^ in r\ hicJi there were numerous capillaries and mauT area*, of 
hraliniration. No calcification ■was present. The deeper portions of the vi'-ceral poric.nr 
dium contained manj elongated spaces lined by low cuhoidal mesothelium reprcsontiiw 
remnants of the pericardial cavity isolated during the stage of active inflanmiation. /haa”' 
nosis: healed (innaiivc), rheumatic pericarditis with fibrous pericardial adiicsion-= 



pir. s. — Mjoc.'trdUmi .'iunvlna liypcrtroi'tij', cxUn«!vc -••carrimr A'^clioff botlli'*, lyinntt'''*ytJ'“ 
inflttrntion. ritcnnnd'' arfc'-ltJ", and at (X) cnteJuin dfpo'>lf.‘i in InfllvMua! mi!"')*' nmr 


Th'f' left \entriclc showed Inpertrophy. Mo«t of the mu“cle fihen were incres'ed in 
length and width and eontrsined hyi»crehron!ntic nucK-i v.ilh blunt ends. Jfany areu'* ton 
tained a fine .atelbshr fibrO‘-i« between mu'-He bundle- and even between jnd(Mdtn>! flier- 
A rare nnwcle fiber ‘ho’oed blui~h '•tuiuing of tie cji Jopl't'>m -nggiJ-titig calcification. The 
arteric'- in the intt fi-Sitiuni of*en v ere '•urruundi d by trir'iiguhsr neeJlupir '’nr*-; trnnf r-'p 
rcseat-'d he-ded A-'-liotT nodule'-. A'-ehofT l-idoi su \ari'<i;« stegrK of de udoj/nn at could hi 
found v.itlsout dif eiilty. Xutoero-!*. f.rfi of hm|dic>->tie it fdlr.tion o.-.nirrrd in tie it t* s 
SJitial ti-*»ie near !ar/ir ic'-eb, bat tli'-r.- vrr< t.n p ihinorphornn-ltnr of . o-u'f.ophilse 
Icjcoertie foci. Maty of the -mrAic. urterb'* sanvid de.Cnho .-i,d<)v.a*..-u!'.r tlurl eting let 
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no typical arteritis verrucosa was found. Diagnosis: combination of healed (inactive) and 
chronic (active) rhexmatic myocarditis with maiked hypertrophy. Healing predominates," 
The mitral valve showed considerable interstitial fibrosis composed of hyalinized, 
acellular collagen with overlying intact but wrinkled endothelium. Arterioles were numer- 
ous at the bases of leaflets, and new capillaries extended into the cusps. ISTo calcification 
was present. There was no verruca formation. Toward the central portions of the cusps 
numerous areas of granulomatous infiltration consisting of lymphocytes, polymorphonuclear 
leucocytes, and a few eosinophiles were seen. Diagnosis: healed (inactive) and chronic 
(active) rheumatic valvulitis with inactive lesions predominating.'' 



Fig. 6. — Left auricle showing extensive rheumatic aunculitis. Marked muscle atrophy, necrosis, 

fibrosis, and cellular mfiltiation may be noted. 


The left amide vas the seat of the most extensive damage. Most of the auricular vail 
was thinner than normal due to maiked muscle atrophy. The endocardium was intact, vith 
an occasional histiocyte. There was marked thickening of the subendocardium due to great 
increase in acellular connective tissue. Between the subendocardium and the muscularis, atypi- 
cal Aschoff bodies were easily lecognized, consisting of cells with sharply defined nuclei with 
basophilic cytoplasm. 

The muscularis showed gieat damage. Areas of muscle neciosis without much inflam- 
matory reaction were frequent This resulted in isolated, gieatly hypertrophied muscle fibers 
with large, hypcrchi omatic nuclei. The adventitia showed marked perivascular lymphocytic 


♦The terimnologi' used here conforms to that 
Diagnosis of Diseases of the Heai't, New York Heart 


of the Nomenclature and Criteria for 
Association. New York, 1940. 
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infiltration and many of Ilic smaller arteries sliomcd marked endarteritis ivith tliickenc-d 
Polymorplionnclear lencocytic foci were infrequent. -The thicker parts of the auricular mil 
near the appendix showed muscle tissue, v.K!ll preserved with an occasional area of calcifcation. 
Diagnosis: combination of healed (inactive) and acute rheumatic aurievliiis, involvin? mo?; 
of the auricular muscle and producing marked dilatation anrl thinning of the auricle,* 

The aorta showed no definite rheumatic lesions. Tliere were occasional subinfhnnl lij>. 
oidal deposits. The adventitia was normal and free from lymphocytes. 

The lungs, spleen, and liver showed only chronic i>a«sive congestion. 

DISCUSSION 

Mode of Produclion of Massive Left Auricle in Case lieported. — Examiun- 
tioii of the heart leaves no doubt that death was due to severe rheumatic heart 
disease in various stages of activity and healing. Since tliere wa.s no evidence 
of predominant mitral stenosis, the massive left auricle can be bc.st explained 
on a mechanical basis somewhat similar to that whicli occurs in muscular in- 
sufficiency of the mitral valve. Mitral insufficiency without an accompanying 
stenosis is a rather unusual lesion in rheumatic heart disease. Osier’'* stated 
that, “Except in children, we rarely see the mitral leaflets curled and jmckered 
without narroAving of the orifice.” 

We are of the opinion, therefore, that the chronological events in this case 
were somcAvhat as follows : 

1. Eheumatic valvulitis of the mitral valve and at the same time or soon 
after a rheumatic carditis initiated the development of the lesion, 

2. As a result of this inflammation the muscle of the left ventricle was 
Aveakened and a certain amount of dilatation occurred, Tlio rheumatic process 
also iiroduced an interstitial valA'ulitis of the mitral valve. This involvement 
did not produce stenosis, vcrrucac, shortening and fu.sion of chordae tcndineac. 
fusion of the cusps, or ealcifleation. It did, hoAvever, produce rubbery, curled. 
and puckered leaflets. This deformity' of the leaflets together with tlu; marked 
dilatation of the mitral ring resulted in improper closure of the valve and 
mitral insufficioucy. The subser|uent developments folloAved the couise Avhich 
Avas clearly described by O.sler.’® 

3. The imperfect closure of the mitral valve nlloAvs a certain amount of 
blood to regurgitate from the A'cntriclc into the left auricle so that at the end 
of auricular diastole this chamber contains not only blood whic-h it has re- 
ceived from the lung.s. but also that regurgitated from the loft ventricle. Tins 
necessitates dilatation and, as increased Avork is thrown upon it in expelling 
the augmented contents, hypertrophy of the left auricle. 

4. With each systole of the left auricle a larger volume of blood i.« forced 
into the left A'cntriclo, camsing a certain amount of dilatation and hyperlrojdiy 
(the left ventricle does not hypertrophy normally in mitral stenosis 
there are lesions on the aortic A'ah'c). 

5. Daring the diastole of the left auricle, as blood is regurgitated into if 
from the left ventricle, the pulmonary A-cin.s arc loss readily emptied. In con- 
sequence the right ventricle e.xpels its contents Ices freely and in turn hecorms 
hvpertrophied and dilR.tated. 
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6' Finally, tlie right auricle also is involved. Its chamber enlarges and its 
walls increase in thickness. 

7. In this case which we are discussing, this whole sequence of events was 
made much worse by the extensive auriculitis in the left auricle which shows 
rheumatic lesions of greater severity than any other part of the heart. Once 
dilatation of the left auricle began, the condition of this chamber became pro- 
gressively worse until it finally became an enormous sac possessing very little 
contractility. 

This result Was undoubtedly contributed to by undue physical exercise 
between the ages of 15 and 20 years. 

It is astonishing how long such a iiatient may live before congestive failure 
sets in, but the whole sequence of events is slow and compensation is main- 
tained by hypertrophy of both ventricles. 

P7'evioiis~ExplanaUons of Massive Left Auricle . — Most authorities agree 
that massive left auricle is unusual and that its development depends on the 
following factors : that because of its thin walls the left auricle is more capable 
of dilatation than the other chambers of the heart; that the left auricle has 
no safety valves such as the great veins give the right auricle ; that whenever 
niitral disease is present the left auricle is bound to be filled by both ventricles 
since er^"en with mitral stenosis there is combined insufficiency; and that any 
lesion or disease capable of causing increased left auricular pressure can be 
the luiderlying factor in the production of massive left auricle.^'^® - v 
: The literature, however, often fails to give a clear conception of the car- 

diac-pathology associated with massive left auricle, the predominant lesion of 
the mitral valve, whether stenosis or insufficiency, and the condition of the 
auricular wall. 

Rheumatic heart disease is considered by most observers as the type of 
disease in which most of these enormous left auricles occur. Many reports, 
however, fail to show which' portions of the heart are most affected and 
whether active rheumatic lesions are present. 

Causes other than vahnilar disease have been cited in a few eases. Peel/^ 
observed marked dilatation of both auricles in a case sho^ving no vahnilar 
disease and considered it as secondary to heart block. DialeF® showed that 
tuberculous fibrosis of the auricular musculature might result in massive left 
auricle. . ’ 

Mitral stenosis is assumed by most authorities to be the main factor in the 
production of massive left auricle. There is no doubt that tight mitral stenosis, 

. such ; as- uecurs in chronic valvular defects due to rheumatism or localized 
arteriosclerosis, is often followed by hypertrophy and dilatation of the left 
auincle. The: auricle may reach a considerable size. AVhite^° states that, in 
mitral stenosis “the left auricle, being affected first, may assume enormous 
proportions, a, ndi cases are on record in which its bulk was larger than that 
of lail, the, restr-of . 'the .heart, its capacity increasing even to 1,000 c.c. or more 
(normM- about 125. c.c.) ..If this is true, some of these auricles have reached 
a.isize .sufficient 5 to be, regarded, as “massive.” However, in over 15,000 
autopsies :;by;'Olib. -of ibs. !(H. S. M.), we have' never encountered predominating 
mitral stenosis which produced really massive left auricles. 
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In the cases reported by Owen and Fenton/ Emanuel/ and Bach and 
Keith/-' there was no mitral stenosis but only .dilatation of the mitral valve. 
In a ease reported by Bishop and Babey/=' in which the left auricle was 12 cm. 
in diameter and held 1,550 c.c. of water, there was a rheumatic mitral val- 
vulitis with only a small degree of mitral stenosis. The mitral valve mensnred 
9 cm. in circumference. J^ficroseopie examination of the left auricle "wa.s 
characterized by a marked thinning of the muscle layer, the myocardium oc- 
cupying but a small proportion of the entire thickness.” 


There is therefore considerable evidence in the literature to support our 
contention that predominant mitral stenosis is not a factor in the production 
of these enormous left auricles. If it were, massive left auricle would he more 
frequently encountered. 

Fibrosis of the left auricle has been mentioned in only a few eases as one 
of the mo.st important factors in the production of massive left auricle. Host 
reports do not speeitically mention the predominance of rheumatic lesions in 
the left auricular Avail and the presence of a rheumatic auriculitis. BramAvoll 
and Duguid,’® and later Nichols and Ostrum,^" tir.st suggested that in massive 
left auricle there Avas more cA'idenee of rheumatic myocarditis Avith fibrosis in 
the left auricle than in auj' other part of the heart. Once the left auricle 
becomes fibrotic, it is only necessary that the left ventricle be competent ami 
capable of exerting a sufficient hack pressure and the auricle Avill then begin 
to dilate. 

Clinicul Features . — The sj-mptoms and findings in our easc.s are more or 
less tjqiical of the entire group. Most of the ma.s.sive left auricle.s* occur in 
rheumatic heart disease. Various murmurs are heard and varying amounts 
of dullness on percussion of the cardiac outline are present depending on the 
degree of auricular enlargement. Pain in the chest is common, more <tften 
on the right side. Difficulty and pain on swalloAving are frequent, due to 
pre.ssurc and distortion of the esophagus by the large auricle. A dry, non- 
productive cough is common. 

Auricular fibrillation, though it is not ahvays present, is A-ery eomnion. 
It is probably the re.sult of the great amount of auricular damage due both t</ 
the rheumatic auriculitis and the great expanse of the auricular Avail. 

When the heax't becomes large enough, heart sounds Avill be heard in the 
right axillary line as avcH as over the rest of the chest. Other .symptoms Avil! 
appear as failure or other complications occur. 

The fluoroscopic and x-ray finding.s are characteristic. If is in the pov- 
tero-nnlerior vicAv that ma.s.siA-e left auricle is usually recognized. As tlm heart 


is ob.serA'cd under the fluoroscopc or A'iewed in ,\--ray fihn.s, there is mi the riuhl 
.side of the heart a more den.se .shadow, to the right of Avliieh there is a less 
dense one; the so-called ‘'‘douhlc contour .shadow.” The den.se shadoiv is the 
right auricle Avitli the left auricle lying to the right of this portion of the 
heart. When the enlargement of the left auricle is not quite .so great, the 
right l}or<ler of the heart .sh.'uloxv look.s like a double eonvex curve, Avith one 
ai-c aboA'c the other. The upper arc is the left auricle and the lower om- is the 
right. In the right anterior oblique po.sition, the enlarged left auricle of 
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rheumatic heart disease encroaches upon the mid-portion of the retrocardiac 
space. However, in these massive hearts there is more and more encroachment 
upon this space as the auricle enlarges. When the patient is given barium 
paste, the esophagus is readily seen pushed backward and to the right by the 
massive left auricle. There is usually delay in the passage of the barium. 

Why the left auricle should appear on the right side of the heart is a 
controversial subject. Nichols and Ostrum^® suggest that whenever the left 
auricle becomes enlarged there is also enlargement of the right auricle, thereby 
causing a rotation of the entire heart to the left. This results in the left 
auricle swinging to the right of its normal position. Since the left auricle 
cannot then enlarge to the left because it is unable to expand through the 
arch of the aorta, and since the spine blocks it from behind, the left auricle 
can only enlarge to the right, forward, and upward, producing the unusual 
picture seen in massive left auricle. 

Steele and Paterson^^ have a slightly different concept to offer. They 
state that the anatomic position of the left auricle is normally uppermost and 
posterior. The tracheal bifurcation is just above it with the left main bron- 
chus resting upon it and the esophagus passing right behind it. Therefore, 
because of its posterior position and anatomic borders, this part of the heart 
may enlarge either to the left or to the right. However, because of the fixed 
structures about it, once it gets beyond a certain point, the enlargement must 
of necessity be to the right. 

One of the most interesting clinical aspects of massive left auricle is the 
remarkable physical capacity of these patients in spite of the tremendous car- 
diac enlargement. It has been suggested,^®'^- that the main positive factor in 
this cardiac reserve lies in the integrity of the heart muscle other than the 
left auricle. As a result, the ventricles are able to do their job in an adequate 
fashion as long as the auricles keep supplying them with blood. In these cases, 
because of the huge capacity of the enlarged left auricle, enough blood usually 
does get into the left ventricle in spite of the fact that the auricular contrac- 
tions are poor and because there is no predominant mitral stenosis. 

SUMMARY 

1. Three main' factors seem to be essential for the formation of most eases 
of massive left auricle : (a) rheumatic carditis over a long period of time, show- 
ing various phases of activity with predominant inactivity and healing during 
the last few years of life; (b) mitral insufficiency due to rheumatic myocarditis 
of the left ventricle in various stages of activity and healing and rheumatic 
valvulitis characterized by curled and rubbery, mitral segments (in our experi- 
ence, predominating mitral stenosis will not produce such massive auricles) ; 
and (e) rheumatic auriculitis in various stages of activity and healing with 
marked muscular atrophy and fibrosis, of such intensity that the left auricle 
is often more severely damaged than anj’- other part of the heart. 

2. The importance of an undue amount of physical exercise during the 
early stages of rheumatic heart disease, such as this patient indulged in, must 
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be stressed as a coiitributoi’y factor in overdistenlion of tlic diseased left 
auricle. 

3. Massive left auricle is perhaps not as unusual as we arc led to believe. 
It has been observed in induction centers in men wlio have enoimous iicarts 
and who are in a fair slate of health. It is clumicteristic of the lesion Uiat 
individuals can be comfortable with no cardiac symptoms for a period of years 
before decompensation sets in. 

4. It would seem that too much importance is placed by cardioloiiists uii 
so-called “Combined Lesions” of the valves. In the case of the mitral valve 
it is widely held “that all stenotic valves have some regurgitation and all 
imsufifieiencies have some degree of stenosis.” This concept scem.s to have 
developed in order to explain the presence of certain murmurs, often of little 
consequence. It has led' to considerable confusion. Certainly at autopsy it is 
comparatively simple to determine whether stenosis or insuflicicncy predomi- 
nates; it is also simple to determine that the various dilatations and hyper- 
trophies due to valvular defects depend chiefly on the predominating lesion. 
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THE EFFECT OF CERTAIN DRUGS UPON THE CARDIOTOXIC 
LESIONS OF DIGITALIS IN THE DOG 

Franklin A. Kyser, M.D., Harold Ginsberg, M.D,, and N. C, Gilbert, M.D. 

Chicago, III. 

I N A recent editorial in The Journal of The American Medical Association/ 
attention was drawn to the fact that digitalis preparations are capable of pro- 
ducing, among other toxic effects, myocardial lesions in experimental animals. 
This effect of digitalis has been described in many publications, the most note- 
worthy of which were contributed by Buchner,^ Hu, Lieu, and Li,^ La Due,^ and 
by Dealing, Barnes, and Essex.® In all reports, the cardiac changes resulting 
from digitalis administration have been similar. The lesions consist of areas 
of focal necrosis, frajung of the muscle fibers, fibrosis, hemorrhages, and cellu- 
lar infiltrations. 

Our interest in this work was stimulated by the fact that these pathologic 
changes are almost identical with those produced in dogs by lilanning, Hall, and 
Banting® as a result of vagal stimulation, and by Hall and his associates^ as a 
result of injections of acetylcholine iodide. 

Since no evidence has been submitted as to the mechanism of how digitalis 
preparations are capable of producing myocardial lesions, our efforts have been 
made in an attempt to shed some light upon tliis problem. 

PROCEDURE 

Thirty-two young dogs were studied in this experiment. Seven animals 
received 2 or 3 cat units of digiglusin daily, depending upon the dog’s tolerance 
to the drug. Five animals were given digiglusin plus 3% grains of amino- 
phyUine twice daily. Five dogs received digiglusin plus 3 grains of theo- 
bromine sodium acetate three times daily. Bight dogs were given injections of 
digiglusin plus IV2 grains of papaverine hydrochloride twice daily. Seven an- 
imals 'were treated with digiglusin and atropine sulfate. The latter drug was 
administered by mouth in tablets of ^5 grain four times daily and in addition 
all water was atropinized with %5 grain to the liter. All animals were observed 
daily, and, when it was obvious that death was imminent, the dog was given an 
ether anesthetic and the heart was removed. Blocl^s of tissue were taken from 
the right and left auricles, anterior left ventricular wmll, posterior left ventricu- 
lar wall, lateral wall of the left ventricle, anterior right ventricular wall, 
posterior right ventricular wall, -and the interventricular septum. Tissue was 
fixed in formalin and sections were made and stained with hematoxylin and 
eosin. 

From the Department of Internal Medicine, Northwestern University Medical School. 

. Read before the Chicago Society of Internal Medicine, April 23, 1945. 

Received for publication Aug. 6, 1945. 
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RESUET^ 

All animals receiving injections of cligighisin alone developed micro- 
scopic myocardial changes. These consisted of areas of vacuolation of colls, 
focal necrosis and hyalinization. roimd cell and polymorphonuclear infiltrations, 
hemorrhages, and fibroblastic pi'olifcralion. These lesions are similar to tliosc 
dascribed by pre%'ious investigators. 

The dogs receiving aminophylline and digighisin dcvelojicd only mini- 
mal and scattered lesions consisting of slight edema and loss of .striatioiis 
of the muscle fibers. Theobromine sodium acetate with digiglusin was admin- 
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Pig. 2. — A, Dog 3. Digiglusin alone. Proliferation of fibroblasts (X800). B, Vacuolatlon of 

cells (X275). 
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istered to five dogs. Three of these animals developed minor changes made np 
of occasional areas of vaciiolation and polymorphonuclear infiltration. Two of 
the dogs that received theobromine had lesions equally as marked as those that 
received digiglusin alone. 



Fig. 4. — A, Dog 423. Digiglusin and papaverine. Polymoi'phonuclear and round cell infiltration 
(XGGO). B, Dog 403. Digiglusin and papaverine. Vacuolation of cells (X470). 

- Papaverme hydrochloride with digiglusin was injected into eight animals, 
seven of- which revealed very marked myocardial abnormalities identical with 
those that were found in the animals receiving only digiglusin. 
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Tabl". 1. Data or Does litECKivixo Only Dioigu-si.y 


POO 

1 

I 

PATES or ! 

EXPERIMENT 1 

TOTAL 
AMOUNT OF 
DiniGEusm 
(C.C.) 1 

GROSS 1 

i riNPINGS j 

i MicnoscuHc rnanKtis 

1 

Fobru.Try 10 lo 
May G 

SG davs 

344 

Heart slightly 
dilated 

Hmiiorrhagc into mmcle, mild hy.din- 
izalion of fd>crs^ fraying of fibers 

o 

February 30 to 
April 2G 

7G days 

oc 

Normal hc-nrt 

Hound cell aecusnulntiiius, hyaliairatioa 
of fibers, vaeuolatifm of’fiiK-t:!, 
of striation? in fibers, fraying of 
liliorp 

a 

Mav 28 to 
.luly 2 

3} (lay.“ 

68 

Heart mildly 
dilated 

One area suggestive of infarclicm with 
fibroblasts, jiolyniorphonuck’ar leai-e- 
eytos, and necrosis. Vacviolalion of 
liber.s. Hemorrhages, highly celhilnr 
scar 

4 

.fuuo 28 to 

August 17 

7)1 days 

110 

Heart mildly 
diluted 

Sfeattcred areas of polymorphonuclc.nr 
leuc.oeytos. Foci of lympho-ytes, ln,.s 
of sfriations of muscle fiber.j, edenin 
of fibers 

Ti 

•luno 28 to 

August 20 
.74 davB 

119 

Heart mildly 
dilated 

Necrosis of fibers, liyaliiii/ntion of 
libers, edema, round cell infiltration 

c 

October 27 to 
November 23 

28 days 

67 

Heart mildly 
dilated 

Vaciiolation of fibers, edema 

7 

October 27 to 
Noveralter 17 

21 days 

72 

Normal heart 

Necrosis of fibers, one .small area of 
fibrosis, betnorrbage.s, .samll acrtimu- 
intion of pnlymorphomiclear lencO' 


cytes 


Tmiu: 11. D.vr.\ nr Doo.s Rkckivj.n'o Dioici.osi.s' Amlyoi'Jivi.i.ls-k 


1 

isk; 1 

1 

) 

! 

1 DATES OF 

E.XrEniMENT 

TOTAL i 

AAIOl’NT OF 
mopil.u.siN 
(C.C-.) 

i 

or.oss j 

HNDIN’GS 1 

1 

I 

riKMxoj? 

s 

Oc.tolKT 27 to 
November 22 
27 davs 

iM 

Heart mildly 
dilated 

Slight loss of striutioiK in fibers. Con- 
gestion of Teasels 

fi 

October 27 to 
December 2 
.37 d.av,« 

8s 

Heart mildly 
dil.'ited 

Normal inyo<nirdium except for a few 
pyhnotic nuclei 

441 

.Tauuary 17 to 
Feb mart' .7 

20 davs' 

30 

Normal 

Normal myocardium. Veaou? congC'* 
tioa 

444 

January 17 to 
I'ebruary 2 

17 d.ars' 

29 

Normal 

One area in vrlsich fibers were sepa- 
rated by fibrous tiRSUo 

Hi* 

February 3 to 
rdsTuary 23 
20 days 

40 

Norniul 

oC tUK'r;-\ of 

irhlj* 


T%vo of the atrojnnizod aniuinls; dovclopod flofiiiite caruiuc citiuigct;. How- 
ever, fiver dojTM fiful hearts with only occasional areas of celhilar infiUnstion and 
slight vaeuolntiffu of imisf’le filters. Tlie ck-eree of tlicse changfis was nuirii less 
than tho^te in the animals reccivhig only dicigluKin. 

All data for tiu: entire exiJeriiut-nt are sumnt arize*;! in I'nbie.s I to V, 

Figs, 1 to 4 are pbotornieroirraphs show'ing the patliolonie changes (lesenhed. 
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Table m. Data of Dogs Kecetong Digiglusin Plus Theobromine Sodium Acetate 


DOG 

DATES OF 
EXPERIMENT 

TOTAL 
iVMOUNT OP 
DIGIGLUSIN 
fC.G.) 

GROSS 

FINDINGS 

MICROSCOPIC FINDINGS 

4Z5 

F'ebruary (5 to 
March 7 

29 days 

(51 

Normal heart 

Occasional area of polymorphonuclear 
infiltration, vacuolation, and fibro- 
blastic proliferation 

428 

February 6 to 
March 7 

29 days 

61 

Noi-mal heart 

Hemorrhage, poljnnorphonuclear in- 
filtrations, vacuolation 

430 

February 6 to 
February 23 
17 days 

30 

Normal heart 

One area of polymorphonuclear infiltra- 
tion 

431 

February 6 to 
March 9 

31 days 

64 

Normal heart 

One area of vacuolation and cellular 
infiltration 

432 

February 6 to 
March 9 

31 days 

64 

Normal heart 

Slight vacuolation 


Table Data of Dogs Eeceiving Digiglusin Plus Papaverine 


DOG 

DATES OF 

EXPERIMENT 

TOTAL 

AJIOUNT OP 
DIGIGLUSIN 

(c.c.) 

GROSS 

FINDINGS 

MICROSCOPIC FINDINGS 

404 

September 25 to 
October 20 

26 days 

45 

Normal 

Areas of hemorrhage into muscle and 
areas of vacuolation 

405 

September 25 to 
November 10 
47 days 

90 

Normal 

Cloudy swelling, vacuolation of fibers, 
hemorrhages, few areas of poly- 
morphonuclear infiltration 

460 

September 25 to 
November 14 
51 days 

100 

Normal 

Vacuolation, polymorphonuclear infil- 
tration, hemorrhages into fibers, 
round cell infiltration 

423 

October 6 to 
November 29 
55 days 

114 

Normal 

Hemorrhages, polymorphonuclear infil- 
tration, round cell infiltration 

406 

October 12 to 
November 29 
49 days 

102 

Normal 

PoljTnorphonuclear infiltration, round 
cell infiltration, areas of vacuolation 

455 

January 17 to 
February 12 

27 days 

53 

Normal 

Slight edema of fibers 

437 

Februaiy 9 to 
March 4 

25 days 

50 

( 

Normal 

Vacuolation of fibers, necrosis, collec- 
tions of round cells 

10 

October 27 to 
November 22 
27 days 

64 

Mildly dilated 

Marked necrosis, round cell infiltration 
hemorrhages 


DISCUSSION 

If, by experimental investigation, the mechanism of action of certain drugs 
can be niore clearly elucidated, a definite contribution will have been made which 
ivill be of value both to the research worker and to the practicing physician. All 
of the preparations used in this study are frequentlj’- used in clinical medicine 
mid, for this reason, the conclusions reached should be of definite value to those 
interested in treating, heart disease. 

It is obvious from the results of this study that certain drugs are capable 
of minimizing the cardiotoxic effects of digitalis. This fact gives a clue as to 
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TA07.E 1'. Data or Boos DrcaviA'a PretGrA'stx Peus AmoriK!; 


1 

i 

total 


DATES or 1 

.^Xfon.vr OF 

GROS.S 

EXPERIMENT 1 

niGIGLCSlX 

(o.c.) 

riNOlKGS 


401 

.September 25 to 
November 34 

51 days 

PS 

Normal 

438 

October 6 to 
November 10 

3C days 

06 

Normnt 

41-t 

October 32 to 
November 29 

50 day.s 

305 

Normal 

41.') 

October 7 to 
November 2-} 

•IS dal's 

112 

Normal 

412 

September 29 to 
November 24 

57 days 

120 

Normal 

402 

February 24 to 
March' 24 

30 days 

GG 

Normal 

438 

January' 17 to 
February 32 

27 days’ 

50 

Normal 


MIOTOSCOWC nKRtKGS 


One snialJ area of racuoinfion 


Vncuo}Rtwn of fihoT!>, round wU ia- 
filtration, polymorplionuclear infiUm- 
iion 

Vaciiolntion of fiber?, Jioniorrlias^r**, 
polymorphomicloar ami round coll in- 
filtration 

Occasional poly'inorplionuclcar accumu- 
lation. One small area of vacnola- 
tion 

Few areas of vacuolation, occasional 
areas of polymorphonuclear infiltra- 
tion 

One small nccunuilatiori of round cells 


Few collections of round cells, slight 
vacuolation of fibers 


Ihe meclinnism by which digitalis preparations arc able to produce myocardial 
lesions. Tlii.s liarmful action of digitalis can be mediated in one of three ways; 
(3) by direct action of digitalis upon the myocardmm; (2) by stimulation of 
the vagus nerve resulting in the liberation of acetylcholine, wliich substance 
produces coronary vasoconstriction; or (3) by a direct fiction upon tlie coronary 
arteries resulting in constriction of tliosc vessels. 

If the myocardium Is injured througli the first or third mode of action, tlicii 
all of tlie animals in tliis experiment should Imve developed myocardial changes 
because all dogs received digiglu.sin. 3’his did not oeeur and wo therefore feel 
that the toxic action of digitali.s is not a direct one. 


Since atropine sulfate definitely minimized tlie cardiac change.s which oc- 
curred, we feel justified in presenting the following hypotheses; (1) The 
cardiotoxic effect of digitalis in the dog is the msult of vagal stiiniilntioii, which 
producc.s coronary con.strietion resulting in myocardial isehemiu. (2) This 
specific result of digitalis administration may be modified by administering a 
drug which will overcome or iirevent coronary artery ronstrielkm. In this 
work aminophylline, theobromine sodium acetate, and atropine sulfate were 
drugs v.diiel) had (his action. The former wa.'j the mnst efneir-nt, 

A rather .surprising result of tills work Is the evidence that jfia/mverine did 
not nuxiity the efi'-et of digitalis. Since the .xanthinr- drugs wmi- nvd in 
dosages wlueh are usually employed tdinically, it wais felt that l>i grains of 
papaverine hydm.-hloridv given twice daily wmild he :oh-guate for imrpose-: of 
comparison. We have found no cvidcnco in our o.xperiments that indifatc:; why 
pap.avcrine was ineT<etjve. Itichard.s," in some unpuhlishod work, ha.s eviihnis 
*h;st the vasodilating of pai'avt-rino vi'ry tramfnnt <'otnpar<^d nith tli-A 

m' arainonh'vllim--. Thk may explain the rcHutts we have obtained. It h 
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possible that we did not use an adequate dose of papaverine. We feel, however, 
that in evaluating one drug with another comparative quantities must be used. 
It would seem unfair to compare the effect of papaverine with aminophylline if 
the usual clinieal dose of aminophylline was evaluated against twice the clinical 
dose of papaverine. Further work on the vasodilating action of papaverine is 
now in progress, in which larger doses of this drug are being employed. 

Theobromine sodium acetate is, in our opinion, more effective in effecting 
an increase in the eoronaiy flow than is aminophylline. It is probable that giv- 
ing the drug by mouth made some difference and that this also influenced the 
effect of the atropine. 

SUMJIARY 

An experiment is presented in which it is sho^vn that the cardiotoxic ef- 
fects of digitalis in the dog may be modified by the use of aminophylline, theo- 
bromine sodium acetate, and atropine sulfate. Papaverine hydrochloride did 
not minimize the cardiac changes produced by digitalis administration. 

A theory is discussed which could explain the results of this study. 


CONCLUSIONS 

1. Digitalis in toxic doses produces myocardial lesions in the dog. 

2. Aminophylline and theobromine sodium acetate in doses usually em- 
ployed clinically are capable of modifying this toxic effect of digitalis. 

3. Aminophylline was more efficient than theobromine in preventing the 
myocardial lesions resulting from the administration of digitalis. 

4. Atropine sulfate is capable of ameliorating the cardiotoxic effect of 
digitalis. 

5. Papaverine hydrocliloride, in the usual clinical dose, did not prevent the 
cardiac changes produced by the administration of digitalis. 
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THR05IB0PLASTIC PROPERTIES OF SOME MERCURIAL r)IURETl(\S 


David I. ;Mac»t, j\r.D. 
BAI.TIMORt-:, jMd. 


PAPER read at a jacetiiig of the American ^ledieal A>'sociatJnii in R>12, 
liie present -writer announced a })liarinacologie discovery, wliieh in the past 
three yeai’s lias been followed by developments of considerable clinical iia- 
portanced It is for this reason that the present prcliminniy announcomonl is 
being published. At the A.M.A. meeting it wa.s reported that, when repeated 
.samples of blood ai'c talcon from cats during intravenous injeclion.s of didtali.s 
or ouabain solutions for purjioses of assay, the coagulation time of the blood 
samples as determined by IlowelU.s method progrc-ssively shorton.s. This 
phenomenon did not occur in control ex])criments. The .same phenomenon of 
marked decrease in coagulation time was ob.sorved following the administnitioii 
of digitalis to rabbits, when the blood .samples were olitaincd by direct heart 
puncture. Tins tlirornboplastic efioet was also produced in vitro, not only by 
digitalis and ouabain, but also by all digitaloid glnco.sidos which we were able to 
obtain. Xiimorous other dnigs were used as controls. With but few cx(>c]itioti.s 
tlie.se drugs did not bring aliout a docrcave in coagulation time; the mo.st out- 
standing e.xceptioii was cpinejilirinc. Thc.se findings were eori-ohorated hy 
Wereh- on rabbits; and .still further by de Takat.s, 'I'nimp, and Gilbert,* The 
latter aulbons slre.s-sed the elinieal .significance of the jihennmenmi. becau.se they 
regarded it as the most plausible e.xplanation of .sudden deal)) in pationt.s nmlcr 
digitalis therapy, who unexpectedly deviloji thromboembolic accidents. Recently 
tiie.se finding.s have been .still further corroboralcfl.* 


In 1943, the author ainplitiod lii.s original finding.s in a rcjiort made before a 
joint im-oting of the American Therapeutic .Society* and the Somhern Mcdiciil 
Asemdatiou'' and ventured to predict that other drng.s miebt exhibit similar 
thrombopla.stic properties, which might precipitate tliromboemholic eornplica' 
tions. The author ba.s already found tbi.s to be the case with intravenous in- 
jr-ctions of cohni venom and of Congo red.* 


The prediction meutioued has been brjlliiintly confirmed by thfi icjiojt 
made in 194.o by Moldav,4;y, JLe'Sclbruck, Cateno, and CtMHhvin, who found 
tiiut vnryine do<aucs of penieillin admini^ered by both tin- oral and intra- 
muscular r<»uus, '‘produced n marked increa.v' in the .speed witii which the 
blood clcitted in liutnan patients,^ 

For this TtMson. in the intends! of ju-eventivc niedidne and piihlie health, the 
pre.^^cut writer wis'ne^ So ,announ<-e bis ><iudifs f»n arK-tJicr important sroup of 
<irsjg,s (-xici^sively ctapioytd in therapeutic.-:. In the rail of I 9 J 3 , c.'.pf rirncnP 


v.i-rtU'-l f'.’ r-'eai.'-t! ,fi Anr e, jst' 


th" 

t 




iC'J 


cf n,*' ii 
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were begun on rabbits and cats, and to a lesser extent on dogs, concerning the 
thrombopla^ic properties of certain mercurial diuretics widely employed in 
cardiovascular practice. The three diuretics studied were Mercupurin, Salyrgan, 
and Mercuhydrin. Inasmuch as Mercupurin^' and Salyrgan’*" are marketed in 
eombination with theophylline, experiments were performed not only with such 
commercial solutions, but especially wth solutions of the mercurials vdthout 
theophylline. 

It was found that all three of these mercuiy compounds, both by intra- 
muscular injection and by injection into a vein, exerted a definite thromboplastic 
effect on the blood of rabbits and cats. Such an effect usually developed one 
to two hours after administration of the drugs but sometimes appeared much 
earlier. Numerous control experiments with other drugs, including caffeine, 
diuretin, theophylline, aminophylline, and sulfadiazme, did not indicate that 
these drugs produced an increase in the speed of clotting. Penicillin %vas used 
in control experiments and produced a marked thromboplastic effect, thus 
corroborating the findings of Moldavsky and his co-w^orkers. 

Eighty experiments on rabbits, and thirty-five on cats have already been 
performed in studpng the thromboplastic property of mercurials. The follow- 
ing protocols ■will serve as illustrations of the results which vdjl be published in 
detail later. 


On June 27, 1945, a brown rabbit weighing 2,000 grams received 10 mg. of Mercupurin 
intravenously. The coagulation time before injection of the mercurial was 7 minutes. One 
hour after injection of the mercurial, the coagulation time was 4 minutes. Three hours after 
the injection the coagulation time was minutes. 

On Jtme 27, 1945, a white rabbit weigliing 2,000 grams was given 10 mg. of Salyrgan into 
an ear vein. The coagulation time before the mercurial was injected was 12 minutes. One 
hour after injection the coagulation time was 4% minutes. Two and one-half hours after 
the injection of the mercurial, the coagulation time was 4 minutes. 

On June 1, 1945, a grey rabbit weighing 1,800 grams received 0.5 c.c. of Mercuhydrin 
solution intravenously. The coagulation time before injection was 7 minutes. Forty minutes 
after injection the coagulation time was 11^ minutes. One and one-half hours after injection, 
the coagulation time was 2% minutes. Three hours after injection the coagulation time was 
3% minutes. 

On June 11, 1945, a white rabbit weighing 2,200 grams received 20 mg. of Mercupurin 
intramuscularly. The coagulation time before the injection was found to be 9^^ minutes by 
seven determinations on two successive days. Two hours after the mercurial was injected 
the coagulation time was 3% minutes. 

On June 11, 1945, a grey rabbit weighing 2,100 grams was given 20 jng. of Salyrgan 
intramuscularly. - Seven determination.^ on two successive days showed the coagulation time 
to be 7% minutes before the mercurial was administered. Two hours after the mercurial the 
coagulation time was 1% minutes. Three hours after injection the coagulation time was 
4 minutes. On the following day, the coagulation time was 7 minutes. 

On June 15, 1945, a grey rabbit, weighing 2,000 grams received 10 mg. of Mercuhydrin 
intramuscularly. The coagulation time before the injection was 7 minutes. Thirty minutes 
after the injection the coagulation time was still 7 minutes. Three hours after the injection 
the coagulation time was 2% minutes. 

On June 8, 1945, a small cat weighing 1,000 grams was anesthetized with Nembutal and 
given Mercupurin intramuscularly. The coagulation time before the injection of the 


‘These preparations were furnished through the courtesy of the manufacturers Tlie 
Campbell Products, Inc., supplying Mercupurin and The 'Wlnthrop Chemical Co., Inc., SaJ^gan. 



462 


AMERICAN HEART JOURXAI. 


njcrcanai wp-s 13 minutes. Twenty-four minutes aftet the injection, tljo coagnlutieu tin-o 
12 minutes. One hour after the injection, the coagulation lime was 1 nsimite. One r.na one 
half hours after the injection of tnercurinl the coagulation time was 2»A minutes. 7),^,- 
hours after the injection the coagulation time was -i minutes. 

On Juno 8, 1945, a .small cal, weighing 900 grams, receivcfl 30 mg. of S.nlyrjrr.r. 
intramuscularly. The coagulation times were Ci/c minutes before injection; 3 mintite, fifty-fir? 
minutes after injection; and 2 minutes, -35 seconds;, two honr.* after the injtvtioa. 

On June 1, 1945, a rabbit weighing 2,000 grams was used as a control. It reecivi'd 30 
mg. of theophylline intravenously. The coagulation timc.s were 11 3^ mimitos before the in- 
jection; lO'u minutes, one hour after the injection; 11 minute.-;, two hours after injection; 11 
minutes, three liours after injection; and 12 minutes, three and one-half hours after injection. 


COMMENT 


lu tlie present paper tlie result.s obtained with the clotting of wliole blood 
only are reported. Tiic phenomenon of clotting is, of course, a vciy complex 
one. The exact mechanism in anj* given case involves a study of platelef.s and 
deteminations of prothrombin, of calcium, of fibrinogen, of antibodic.s, and of 
those other clotting factors in the blood tvhicli, as Theis'’ put it, “as yet, cannot 
he clTeetively measured.” Such studies arc now in progrc.ss and will be rc* 
poidcd. It may be added tliat the three mercurial diuretics which we particularly 
.studied were not the only ones which increased the speed of clotting; a munber 
of other mercury compounds also exhibited this properly. 

Sudden death from mercurial diuretics lias been repeatedly described and 
a valuable symposium on the subject was published in ]942.‘"''* Most recently, 
Volini and his co-workers’" discussed various explanations for the.se sudden 
dentins and in their paper announced for the tirst time sonic of the results of the 
author’s experimenis with those drugs which he had given to them in June, 1941, 
in a personal communication. 

The reported fatalities and toxic reactions should not discourage the 
rational n.se of mercurial diurctic.s. They should, liowovcr, scn’c as a warning of 
what can be c.xpcctcd in rare in.stancp.s, particularly when such agent.s arc u-sed 
promiscuously. 

It is a pharnineologic tniism that every dnig is a poison and, conversely, 
almost even,' poi.son may liave a medicinal or therapeutic value.’*'' The more wc 
investigate the various factors which dctenniiic the difierenco between “poison ’ 
and “therapeutic agent.” the greater the benefit to public licalth. 

Thus it is quite logical for the pharmaeofhcrapi.st, after the discovery of 
the tlirombopla.stic properties of mercurial diuretics, to turn hb attention to 
other pharmacologic agents wliich miglil counteract Ibis undesirablo efiVt-t with- 
out interfering with the it'^cful diuretic propertie.s of those compomuls. Such 
studies are now in progre^. Comiilefe pliysiologic, pharmacologic, and otlnr 
experimental data will appear in the JrrJihrs hitcrnniionnhs dr Phnrmrin^' 
fhj'Anndc cf de I'hrra]^^. 
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AN ANALYSIS OF THE TlilE RELATIONSHIPS AVITION 
THE CARDIAC CYCLE IN ELECTROCARDTOftRAMS 
OF NORl\L\L ]\IEN 

II. The DuRA'noN- of the, T-P Interval and Its Relatioxsiiip to the 
Cycle Lengtfi (R-R TxtervaiA 

Captain Tsapore Schlamowttz, M.C. 

Army of the United Statf.s 

T he period of elect rical inacthity of the heart as recorded itj the clcrtm- 
cardiogram by the T-P inten’al never attracted much attention. In go’nip 
through the literature, one is stiTick by the paucity of material on this topic. 
Lombard and Cope,^ in 1919, measured the cardiac diastole and .sy.stole with 
mechanical deAdcc-s and noted that there was a shortening of diastole with in- 
crease in heart rate. They also mentioned the fact that diastole shortens much 
more rapidly than systole. Ashman and Hull- mention the fact that the T-P 
interA’al shortens with increase in heart rate and with prolongation of the P-R 
interval. 

As long as the P-R, QRS, and S-T measurements fall within certain limits, 
they are considered to bo normal, according to pi'cscnt criterta. Thc.so limits, we 
know, are quite wide, and suggestions arc constantly being made to extend them 
just a little bit further. Yet it is felt that, in .some instanco.s, there arc disturlp 
anccs of cjirdiac conduction, despite the fact that the P-R, QRS, etc,, arc at or 
within the upper limits of nonnni. At constant cycle lengths, prolongation of the 
P-R, QRS, and S-T intervals produces a eompensatoiy shortening of the T-P iii- 
ter\’ah The change in the T-P interval, therefore, should !)0 relatively great be- 
cause it rcpiTscnts the sum of all the prolongations in tlie variou.s other com- 
ponents of the cycle. It wa.s decided to determine if a constant relationship hc- 
Iwecn the T-P intcn’al and cardiac cycle length (0) c.xistcd. If .such a relation- 
ship existed, perhaps it could bo u.sed in recognizing conduction disturhancfs 
early. Before thi.s could be })ursued any further, it was n(!ee.s.sary to detennine 
the fnllo^ving: (1) Is there a constant, predictable relationship between T-P and 
G in normal individuals; (2’l If such a i-elationship, nr correlation, doe.s exist, 
how predictable is it! (3) Y’hat kind ()f relationship is it and how can it he 
expressed? (4) How great i.s tlic normal scatter? (5) How- dofs phy.siologic 
tachycardia, e.g., the tachycardia produced by cxeiviso, ntTcct thi.s relationship? 


METHOD 

The pwedure in thi.s work \vas outlined in the fissi paper of this 
The same ehvtn'wardtttgrmns were u.s'-sl in both .studies. The 9’-P interval wa.'-! 
measured from the end of the T wave {wh.ere the T w.ivc rcttirns to the I'o- 
ciectrie line and remnin.s Ihere) t<» the iK-ginning of the following P wtH’C. In 
Table I is the age distribution of the 49.'> ca'-' -: in tfic .<cn\c-i. 


n.-c'-tvrJ fer t tO-igatSor) Aur- H, HU. 


•tot 
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Table I. Age Distribution of Total Number of Cases 


age 

(yrs.) 

NO. 

AGE 

(YRS.) 

NO. 

AGE 

(YES.) 

NO.' 

18 

19 

26 

22 

34 

5 

19 

60 

27 

' 15 

35 

8 

20 

50 i 

28 

10 

36 

8 

21 

63 1 

29 

14 

37 

11 

22 

42 ’ 

30 

17 

38 

7 

23 

37 

31 

11 

39 

2 

24 

38 

32 

10 

42 

3 

25 

32 i 

33 

10 

44 

1 


Total 495 


RESULTS AND DISCUSSION 

A scatter diagram (Fig. 1) was constructed, plotting the T-P interval 
against the C nieasiu’ements in all 1,419 readings. On inspection, there appears 
to be a definite and constant relationship betAveen the ttvo variables. To de- 
termine how great this correlation is, the following was done. Two curves were 
constructed (Pigs. 2 and 3) : one shows the average T-P measurement for each 
C value' (Pig. 2), thus making C the independent variable; and the other 
(Fig. 3), shows the average 0 reading for each T-P value, making T-P the in- 
dependent variable. Upon superimposing the two curves (Pig. 4), it is seen 
that the two variables depend on each other verj’- closely. The correlation is 
greatest for the C values from 0.465 second to 0.751 second (heart rates about 
130-80 per minute), Avhere 70.3 per cent of the eases fall; and for the T-P values 
0.071 second to 0.291. second, where 77,6 per cent of the measurements fall. The 
limits, which correspond to the intersection of the means plus and minus the 
standard dcAuation of C and T-P, respectively, are shown by the box drawm in 
Fig, 4. This area includes 66.1 per cent of aU the measurements. The degree 
of correlation expressed by the coefficient of correlation^'® was calculated (Fig. 5) 
and found to be plus 0.986 ; a value of 1.000 representing perfect correlation, 
and a value of 0.000 representing no correlation. Therefore, this can be con- 
sidered indicative of a very high positive correlation. Gross inspection and 
testing by Fisher’s method of analysis of variance^ showed that the T-P to C 
relationship is luiear. The fcAV measurements that deviate from the curve are 
probably due to random sampling. HaAung determined that the relationship of 
the two variables is linear, the equation for the straight line curve was calcu- 
lated. Pig. 6 shows the detennination of the slope, and in Pig. 7, A, the close 
agreement between the actual data and the calculated straight line curve is 
illustrated. Thus the relationship of T-P to C can be expressed : 

T-P = 0.737 C - 0.267. 

The standard error for the prediction of T-P in this equation was found to be 
0.026. The preceding can also be expressed : 

T-P + 0.267 
C 

where 1C is a constant whose value is 0.737 noth a standard deviation of 0.048. 
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Pig. 2. — Curve showing effect of change In C upon T-P in total readings before and after exercise. 
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EFFECT of CHANGE Cu|ioaTP 
EFFECT of CHANGE iaT-P«*fo*tC 



Fig. 4.— Composite curves — total readings before and after exercise. 
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I. Total Headtw^j Befora S After 
Exercise 


- CoefficiCTit 

X = C in 0.01 Sec. 

Y = IP in o.OiSec. 

N - #Headi»p 5 

T -6u7n of 


r z 


+ 0.586 


FlfT. 5, — ‘IJctcrmlnation of cocfTlcIcnts of correlation for variables T-P and C. 


Table TI. Distt.ibotio.v or K Values i.v 3, lift MKAsenEMr-.s-TS 


K 

KO. 

K 

N-O. 

K 

KO. 

K 

so. 

' 1C 

NO. 

0.5] 9 

1 

0.681 

9 

0.721 

"25 

0.7G8 

10 

0.81,5 

1 

0.557 

I 

0.GS2 

1 

0.725 

<y 

0.7G9 

5 

O.SIG 

3 

0.5S3 

I 

O.0S3 

n 

0.72G 

24 

0.770 

G 

D.S18 

r> 

0.505 

] 

0.6.S-i 

6 

0.727 

IG 

0.771 

7 

0.S20 

1 

0.590 

] 

0.r,So 

12 

0.72S 

12 

0.772 

16 

0.82.3 

4 

0.C07 

2 

O.CSG 

10 

0.729 

10 

0.773 

10 

0.825 

1 

O.GOS 


0.GS7 

2 

0.7.30 

21 

0.774 

14 

0.826 

1 

0.613 

J 

O.GSS 

o 

0.731 

5 

0.775 

4 

0.827 

4 

0.020 

1 

0.GS9 

c 

0.732 

10 

0.776 

0 

0,S2S 

4 

0.C21 

1 

0.090 

9 

0,733 

13 

0.777 

11 

0.830 

2 

O.C27 

1 

0.G91 

11 

0.731 

21 

0.77S 

1.3 

0..831 

4 

0.632 

1 

0.G92 

10 

0.73.5 

14 

0.779 

i 

0,834 

fV 

0,631 

3 

0.69.3 

11 

0,736 

11 

0.780 

1.3 

0.S.36 

n 

0.630 

1 

0.G9-} 

8 

0,737 

.30 

0.78J 

1.3 

o.m 

4 

0.637 


0.095 

10 

0.7,35 

12 

0.78.3 

7 

0.84 J 

1 

o.ens 

3 

0.C9C 

7 

0.7.39 

6 

0,78 f 

6 

0.812 

»1* 

4> 

CM3 so 

O 

O.f.1'7 

1 

f.'-in 

9 

0.785 

6 

0.814 


0,C$2 

3 

0.G9S 

M 

0.741 

16 

0.7SI> 

11 

0.816 

1 

O.C$3 


0.099 

f) 

0.742 

fl 

0.7.S7 

.3 

0.8-S7 

1 

0.6 56 

*4 

0.700 

ii 

0,74.3 

11 

0.7.S.S 

.3 

0.8 1.9 


0.619 

»> 

0.701 

4 

0,741 

7 

0.7.‘'9 

1.3 

0.8.50 

1 

»».65J 

? 

0.702 

9 

0.745 

37 

0.790 

5 

0,8.51 

n 

O.C52 

rt 

0.703 

17 

0.746 

10 

0.791 

G 

0,857 

o 

0.051 

1 

0.701 

16 

0.747 

4 

0.793 

.3 

0.8C0 

1 

O.Cv.' 

1 

o.ro.j 

IG 

0.749 

27 

0.79? 

t 

0.801 

1 

0.05“ 

-s 

0,706 

11 

(*.7r»o 

10 

0,795 

•i 
♦ * 

0.8C2 

1 

0,05 A 

4> 

0.707 

P 

0,752 

1.3 

0.790 

1 

0.86,3 

j 

O.O.'O 

1 

O.rO'i 

< 

0.7.53 

6 

0.798 

.7 

0,86 { 

«» 

0,001 


0.709 


n.7.51 

2S 

0.799 

4 

r(,8<'.r. 

I 

0.002 

-1 

0.710 

r. 

0.7.5.5 

r> 

O.SOl 

3 

0.870 

1 

O.MsS 

1 

0.711 

12 

0.756 

16 

0.802 

6, 



0,667 

9 

0,712 

20 

fi,7wT 

6, 

0,K()3 

1 

fi.88n 

I 

O.G*'?. 

16 

0.71-1 

16 

^^-7,iS 



1 

n.8‘<5 

1 

o.cri 

4 

0.715 

•'k 

0.759 

26 

0.80.5 

1 

0>8.5 

1 

0.672 


0.716 

10 

0.760 

6 

O.S'K 

4 

0.;ii4 

1 

0.673 

h 

0.717 

16 

0.76! 

16 

fi.Kfi” 

9 

0.9.52 

1 

OJ) f ■?! 

12 

0.7 JH 

•1 

0.762 

n 

o.so'; 


o.!*r:i*, 

1 

0.675 


0.729 


0.763 

14 

0.801* 

• 1 


! 

0.677 

i 

0.720 

17 

0.764 

15 

o.sio 

1 

0,993 

1.' 

0.6 r.’' 

z 

1 1,721 

12 

0.765 

15 

0.812 

z 

j.ost 

1 

0,679 

1 

U.722 

17 

0,7 66 

26 


»y 



0.6‘>‘3 

6 

0.723 

1 


*.* 

0„8l{ 
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0.737 
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74.5 
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/. Totd Rea.div§ Before t (\H er Lxercise 


Kj- 5lope 
){ ■ C iv o.oi sec. 
Y = TP i77 O.OI sec. 
N - # Re^udirt^e, 
Z = 6u.m of 


K - 2L5S2 

^ 3 ' 29 . 22 ^ 


-■i- 0.737 


Fig. e. — Determination of slopes of curves for T-P and C relationship. 


A. 



Fip. 7.— Relationship of calculated to plotted curves. 1, Total readings before and after exer- 
cise ; S, before exercise ; S, after exercise. 
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Table II sboivs the range and distribution of K values found in all 1.419 
measurements. The scatter is not great, for K plus and minus twice the .stmub 
ard deviation includes 90.2 per cent of all the readings. Tlic peivenUigo of read- 
inti.s that falls outside the limits sot by K plus and minus three time.s the stand- 
ard deviation, beyond which the deviation is considered sienificant, is sninl! 
enough (12 measurements') to be considered as due to the error inhereuf in this 
.study. 

The data collected before and after cxeisci.se were analyzed in tlic same 
fn.shion as the total number of measurements. It was found that exercise did 
not cause any significant change in the T-P to C relationship. Fig. 7, li, illus- 
trates the actual data and the calculated curves, both before and after exercise. 

As mentioned in tlie previous paper.^ the curve and eciuation arrived at as 
a result of this inve.stigation, reprc.seut.s the composite of all the curves derived 
from the measurements of the electrocardiograms of many indi\dduals. There- 
fore, in its application to the individual case, variation.s should be expected, Tt 
was found that these remain within the range of \'nlucs that compri.se the normal 
.seattci*. When the measurements in the individual subject made at different 
cycle lengths are plotted, tlie resulting curve approximates the composite curve 
in typo, and the deviation remains within the normal limits. 

Tlie effect of various factors, c.g., carditis, cardiac liypcrlrophy, dmgs, and 
coronarj” sclerosis, were not included in this study. Tliereforo, it cannot he pre- 
dicted at this time whether tlie T-P to C relalionsldp and the equation derived 
for if, will be of any value in studying cardiac disturbnncc.s. 


CONCI.U.SION.S 

1. In nonnal j'oung men, there Is a constant relation.shii>, with a sig- 
nificant positive correlation, between the T-P interval and the cycle length. 

2. This relnlionship Is linear and can he expre.^od by the equation: 


T-P — 0.737 C - n.2G7 
or 

T-P • 0.2G7 


Iv 


C 


wjiere K is a constant (0.737) with a .standard deviation of 0.0-4S. 

3. Tachycardia produewl by exerei.se in nnj-nial young men does not alt' f 
the relationship. 
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AN ANALYSIS OF THE TIME RELATIONSHIPS WITHIN THE 
CARDIAC CYCLE IN ELECTROCARDIOGRAMS OF 

NORl\IAL MEN 

III, The Duration op the P-R Interval, and Its Relationship to the 

Cycle Length (R-R Interval) 

Captain Isadore Schlamowitz, M.O. 

Army of the United States 

T he P-R interval, or that portion of tlie electrocardiogram which records the 
electrical innervation of the auricles and the time of conduction of the 
electrical impulses across the auriculo-ventricular groove, has been of interest 
for many reasons. Most of the work on this subject has consisted of attempts 
to ascertain the “normal'’ duration, of the P-R interval and its various devia- 
tions from the “normal” which disease or other factors produce. However, 
some investigatoi’s have attempted to determine whether or not there was any 
relationsliip between the cardiac cjmle length and the length of the P-R interval. 

After re\dewing the literature on this subject, one is left undecided as to 
wliether or not there is any constant relationship between the P-R interval and 
the cycle length, for the different authors contradict each other. Bazett,^ in 
1920, found that in his series the P-R interval was closely related to the cycle 

length (R-R)^ He expressed the relationship by the formula; P-R = 

0.06 - 0.10 V C , where 0 is the cycle length in seconds. The readings, how- 
ever, deviated quite a little from the predicted curve, and Bazett explained this 
as being due to factors such as fatigue. Pardee^ states that the P-R interval 
shortens "with increases in the heart rate. However, he does not propose any 
formula to express this relationship, nor does lie describe, just how elose this 
relationship is. 

Since then this subject has been investigated by other workers vdth varying 
results. One group found that the P-R interval becomes shorter with 

increase in the heart rate, but no formulas were proposed to express this rela- 
tionship. Scheer and Albers,®- however, found that hot only was there a con- 
stant relationship between the P-R interval and C, but they also proposed a 
formula to express this relationship. Their equation is : P-Q = 1.73V C . G is 
notable that all equations thus far proposed indicate that the P-R interval — cycle 
length relationship is curvilinear. In 1936, Sliipley and Hallaran® and, in 1940, 
Benedetti® found that, in their series, they could not find a constant relation- 
ship between the P-R interval and the cycle length. 

It was therefore decided to study this subject in a large series of normal 
individuals to determine the following, if possible: (1) Is there a constant, pre- 
dictable relationship between P-R and C in normal individuals? (2) If such a 
relationship, or correlation, does exist, how predictable is it? (3) What kind 
of relationship is it and how can it be expressed? (4) How great is the normal 

Received for publication Augr. 14. 1945. 
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scatter? (5) How does physiologic tachycardia, e.g., the tachycardia following 
exercise, affect this relationship ? 

JIETHOD 

The procedure in this work was outlined in the first two papers of this 
seriesd^’ The same electrocardiograms were used in all three studies. The 
P-R interval was measured from the beginning of the P wave to the beginning 
of the first deflection of the QRS complex. The measurements were made in ' 
. Lead II, since it was found that they could be made more accurately there than 
in any of the other leads. Furthermore, the length of the P-R measurements 
in Lead II were not exceeded in the other leads. In Table I is listed the age 
distribution of the 495 cases in this series. 

RESULTS AND DISCUSSION 

■ A scatter diagram (Pig. 1) was constructed, plotting the P-R interval 
against the C measurements in all 1,419 readings. On inspection, there does not 
appear to be a constant relationship between the two variables, although there 
does appear to be a slight tendency for the P-R intervals to be a little shorter 
at the shorter cycle lengths. To analyze this data objectively, it was decided 
to determine the coefficient of correlation.^®*^® This was found to be plus 0.387 ; 
a value of 1.000 representing perfect correlation, and a value of 0.000 repre- 
senting no correlation. This is indicative of a positive but very low correlation. 
Statistical!}'', it is not considered significant. It was also found that after exer- 
cise the degree of correlation was less than before exercise. That is, the scatter 
of values became much greater after exercise than before. The coefficients of 
correlation for before and after exercise were: before exercise, plus 0.440; 
after exercise, plus 0.195. 

Table I. Age Distribution op Total Number of Cases 


AGE 

(YRS.) 

NO. 

AGE 

(YRS.) 

NO. 

AGE 

(YRS.) 

NO. 

18 

19 

26 

22 

34 

5 

19 

' 60 

27 

15 

35 

8 

20 

50 

28 

10 

36 

8 

21 

63 

29 

14 ’ 

37 

11 

22 

42 

30 

17 

38 

7 

23 

37 

31 

11 

39 

2 

24 

38 

32 

10 

42 

3 

25 

32 1 

33 

10 

44 

1 


Total 495 


It was then decided to determine whether there was any significant difference 
between the P-R values before and after exercise. The mean values of the P-R 
intervals and the standard deviations for before and after exercise are shoAvn 
in Table II. 

It is seen that although there appears to be a tendency for the P-R inter- 
val after exercise to be shorter, the difference is more apparent than real. For 
the P-R valuev after exercise to be significantly different from those found be- 
fore exercise, a difference greater than three times the standard deviation should 
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TAS-'tr. II. Ths; Mean* V.Ai.frs or the P-ii Ii;Tn:r.<.is arp the Stakikek Deviation's Rrp‘^r 

AND Arm: JIlGICISE 



' ' ' ' ' 

r-r. 

.sT.vxmkn »EvT.vf:oN*'~ 


Before e.vorc.ise 

0,14.3 Fccond 

0.014 ' 


-‘After exercise 

0.120 second 

0.010 



Total readings 

0.135 Fccond 

0.017 


be present. In lids series the difference Avas less than even twice the vStandard 
deviation. 

In e.xaminino: Fig. 3 it will be seen that in this series of 1,41- mc.asurcmon!.*: 
in normal individuals the range of P-E values was from 0.08 to 0,20 second. 
There Avere no instance.s found where the P-R interval fell beyond these valurs. 
A cheek through the records of all cases not u.sed in this study also failed to 
re\'eal any instance of a P-R interval prolonged beyond 0.20 .second. 

Since there is no signifienntly constant relationship between the P-R inter- 
val and the cycle length, this could not be used for the purpose of studying the 
activity of the conduction system. 


COXCLUSIOX.S 

1. In normal young men, there is no sigidficantly constant rclntion.ship or 
ciirrelation between the P-R interval and the cycle length. 

2. The duration of the P-R interA’al before exerci.se is not significantly 
different from the values found after exercise. 

Ik In no ea.ce was the P-R interval found to e.xccerl (i.20 .second. 
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THE EFFECT OF CHANGE OF POSITION OF THE AEM 

UPON BLOOD PRESSURE ^ . 

Captain Ir^n Stein, M.C., Army op the United States 

I P ONE looks at an anatomic sketcli of tlie vascular tree, the blood channels 
from the heart to the arm are in the shape of a hairpin when this limb is 
held at the side of the body. "When the arm is abducted 90 degrees from the 
side, the hairpin curve is eliminated and the vessels are more or less at a 
right angle. "When the arm is hyperabdueted^' 180 degrees, the subclavian, 
axillary, and brachial arteries are in a fairly straight line. Theoretically speak- 
ing, the more direct the pathwaj'’, the less is the pressure head of the blood 
column diminished in overcoming the resistance of a circuitous route. If this 
assumption is correct, blood pressure should be lowest when the arm is in the 
first position, intermediate in the second, and highest in the last. This concep- 
tion might also help to explain the marked difference in pressure between the 
upper and lower extremities, as the path in the latter is much more direct. 
Such a pressure gradient has been the subject of much speculation and study 
in the past. 

PROCEDURE 

With these considerations in mind, it was thought that, if the patient were stabilized 
in the supine position and the effect of gravity eliminated by moving the arm into a hori- 
zontal plane at the level of the heart, the changes in blood pressure under basal conditions 
could be due only to alteration in directness of or anatomic interference with the blood flow. 

One hundred young adults between the ages of 20 and 85 years were examined in the 
order of their hospital admission. All of them were well except for trench foot, which was 
the cause of their hospitalization. 

After a blood pressure cuff of standard width (14 cm.) had been snugly fitted above 
the left elbow, the patients rested on their backs for fifteen minutes. The first fifty patients 
kept the left arm close to the side; in the second group of fifty patients blood pressures were 
first taken with the arm hyperabducted. Systolic and diastolic readings were made by 
the auscultatory method and according to the usual criteria.i In order to further minimize 
experimental errors due to activity of internal organs, emotion, and other nervous influences, 
the readings were taken approximately three hours after breakfast, bj’- the author, who 
knew the patients and had taken their blood pressure on other occasions. After a pre- 
liminary determination of the approximate levels two readings were taken in succession, and 
the average was recorded. Such readings -were either identical or differed from each other 
by no more than 2 millimeters. The same Baumanometer, correctly calibrated, was used to 
take all the readings. For the second reading the arm was moved into the position of liyper- 
• abduction by the first fifty patients, and adducted directly to the side by the other fifty 
patients. After waiting two minutes, readings were taken again with the bell of the stethoscope 
in the same location as for the initial readings. The blood pressure varied uniformly in the 

From tlie Medical Service, United States Army General Hospital, Camp Carson, Colorado. 
Received for publication Aug. 15, 1945. 

^•■ypcraiductiMi is not, strictly speaking, a suitable one because the arm is in 
the midline at its terminal phase. In this article, it will be used to denote the position in 
which the entire upper extremity is in a line wdth the long axis of the bodv, whether the 
patient is sitting, standing, or lying. 
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ftitup direction, of ^vjietlier Hie ami vab first held npiinst the side or in t!u' pKidtitn 

of hypraVJuction. In Uventv {citients an internu'-liato position, with the arm ut rieht ar.;4~s 
to the iwjly, was also tried. JEIoadiii}:? taken in tin iiuennediate position wore inustrative of 
the {general trend Imt added no special Infornmlion eseopr in the patients with oleva{«'4 
blood pressure. 

nr.suiiT5 

.Altiiough Uie readings varied appreciably witli change in position of the 
arm, the direction of change tva.s the rcveis-e of that we had expected: that I';, 
the blood pressure wa.s uniformly higher with the arm at the .side than with t!ic 
ann liyperabducted. Tlie diastolic prc-ssure remained remarlcahly constant, hut 
the sy.slolic ju’cssure varied from an avciage of lo mm. to a.s much ns 20 to 
miilimeler.s. In one individual when the arm was hyijorahduclcd tlicn' was 
complete ah.sence of pul.se. 

Twcuty-nine patient.s showed no siirnificant change in systolic or diastolic 
values. The reading.s of the remaining 71 jialients, expressed in average values, 
are shown in Table I. 

TaiU-s I. TJt»: I.srr.rf.Ncr; of tjif: I’o.sition <»f ritt; .\f:M ox tuk VAt-crs or tiir 

Bi.oor) Pr.Kssi'ia; ix S):vfxtv-0.\f, P.atifxt.s With Xoiim.o. ri!K.s.xfnr. 

; j i!i.f)oi>'i^i:t:ssiT:r~( M in TtT) ) > 

ro.siTio.v O F .MV?.? ! sv.ST C't.io i i>i,\si'0!.te 1 !'i'i,si: 1 '!u:.s\s cki: 

Arm nt side l.'ti 77 fiS 

Arm h.vp cmhductod 117 _7i^ -U 

These differences in blood pro.ssuro are obviously not due to the effect of 
gravity or of eugorgement of the venous reservoir. 

In patients with significant change in l)lood pressure there wm.s a diminu- 
tion in inten.slty of the auscultatory phases, somctime.s so marked that the 
difistolic pressure was ditTieult to ascertain. Tiicrc was no ehnngc in ptd.se 
rate in the differenl positions. 

An annly.^-is of the six ]>at tents wim.'ie blood pressnres were abnormal jU 
otte of the three standard tc.^i po.sitiotis i.s .shown in Table II. 

In five of thc.se casc.s. the blood pressure with the arm in a neutral posi- 
tion was tiormal. 
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the patient and the extremity. It is advocated both in this country and abroad 
that the ‘'patient should be comfortably seated with the arms slightly flexed 
and the whole forearm supported at heart level on a smooth surface.”^ The 
supine position can be interchanged with the sitting position, provided nota- 
tion is made of the fact, since there is no significant difference in blood pres- 
sure readings made in the sitting and lying positions. 

In the accepted criteria for measuring blood pressure, there is no refer- 
ence to the position of the arm or the distance it should be held from the side 
of the body, although it is specified that “there should be no constriction of 
the arm due to clothes or other objects.”' It is well known, however, that 
if the arm is brought too close to the chest wall, external pressure by the 
latter on the cuff may lead to gross inaccuracies in the reading. Unfortu- 
nately, many blood pressure readings are still taken in just this manner. 

Other investigators have considered the effect of the position of the arm 
on hydrostatic pressure and venous engorgement.^’ ^ Our figures prove quite 
conclusively that marked delations of the arm from a neutral, relaxed posi- 
tion away from the side of the body produce appreciable differences in the 
blood pressure, even though the arm is maintained at the level of the heart. 
With the arm at the side (0°), the pressures tend to be high; with the arm 
hyperabducted (180°), they tend to be low. 

In six of our subjects, when the arm was placed directly at the side of 
the body, the systolic pressure was definitely elevated. In five instances, when 
the arm was abducted, such high readings fell into the normal range. Al- 
though extremes of both positions are abnormal, the fact that the pressures 
were normal in the neutral position is of clinical significance and indicates 
the importance of rigid adherence to the rules laid down for blood pressure 
determination. 

An interesting phenomenon observed in this study was the lowered blood 
pressure, and the weakened, and, in rare instances, absent pulse, when the 
arm was hyperabducted. In a recent article,^ Wright demonstrated that when 
the arm was hyperabducted, the cords of the brachial plexus and the vascular 
structures -to the arm were stretched under the coracoid process and com- 
pressed between the clavicle and the first rib or beUveen the scalenus anticus 
muscle and the cervical transverse processes. Obliteration of the arterial pulse 
and numbness and tingling, the neurovascular symptoms of the hyperahd'iic- 
tion syndrome, could be reproduced in such a high percentage of patients that 
they were not considered to be abnormal. We believe that these anatomic 
changes described by WrighU are the cause of the variation in blood pressure 
levels which occur when the position of the arm is changed. We did not find 
obliteration of the pulse as frequently as Wright, probably because we did 
not use such adjuvant measures as movement of the head, depression of the 
shoulder, and pronation and supination of the arm. The difference in the 
position of the patient may also have had some influence. Wright’s patients 
were examined in the sitting position ; ours were examined in the supine position. 

Our findings re-emphasize the importance of using a standard position 
in taking blood pressures. Even minor changes of position, in many indi- 
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%ndiia!s, may result in false readings, which may even be pathologically bigls 
or low, Sneh false readings are sometimes inevitable, as when an anesthetist 
is forced to take blood pressnre readings tvith the arm in positions dematuied 
by the operation but not suitable for taking blood pressure estimations. The 
uTiter recalls a neurosurgical operation during which the anesthetist was ex- 
tremely concerned throughout the operation over a blood pressure of 70/-I0, 
although the patient was in excellent condition and showed no signs of going 
• into shock. The blood pressure was being taken with the arm in the positiiiii 
of hyperabduction. 

SUMM.UtY 

Position of the arm has a definite and uniform effect on blood pressure 
readings. The systolic pressure is lowc.st wlien the arm is hyperabcluctcfi. 
that is, when it is made to lie along the long axis of the body. The systolie 
pressure becomas higher as the arm is adducted and brought toward the sifle 
of the body in the horizontal plane. A neutral position of the arm, -15 to 00 
degrees from the side of the body, is probably the optimum i)osition for the 
'estimation of blood pressure. Other positions may cau.se a marked discrep- 
ancy in blood pressure reading.s. 

Acknowledgment is nmdc to Colonel Irving B. Wright for Iielpfiil critiri“it( fifi'l 
fiiggCPtions. 
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ELECTROCARDIOGRAPHIC CHANGES IN SCRUB TYPHUS FEVER 

I , .1 1 . 

Captain George Hollander, M.C. 

Army op the United States ■ ' •• ’ ' 

S CRUB typhus, or tsutsugainuslii fever, is an acute infectious disease charac- 
terized by an abrupt onset, a remittent fever lasting from two to four weeks 
and terminating by lysis, a maeulopapular eiythematous eruption that persists 
for eight to twelve days, and marked prostration. The etiological agent m the 
Rickettsia orientalis, and transmission is by a mite larva. Primarj’' pathologic 
changes include a vasculitis and a perivasculitis involving the parenchjTua of the 
various organs with a slight tendency to thrombus formation. 

Abnormalities of the cardiovascular sj'^stem are a frequent complication 
during the acute attack in many of the eases. There is a protracted duration of 
the convalescent period which is associated with symptoms of extreme physical 
wealmess. In some patients, symptoms referable to the cardiovascular system' 
persist. Because of this,’ a study of the electrocardiographic changes present 
during the convalescent stage of the disease was undertaken. - The electrocardio- 
grams upon which this study is based were taken from six to eight weeks after 
the onset of the illness. The diagnosis was confirmed in all cases by a typical 
clinical course and positive agglutination reactions against Baeilhis 'proteus OX 
(Kingsbury strain). 

The patients observed consisted of 78 adult men, 64 of whom were under 30 
years of age; the other 14 were less than 40 years old. All were white, with 
the exception of one who was a Negro. None of the patients gave histories of 
previous heart disease or of rheumatic fever. The physical examination in all 
patients revealed no evidence of organic heart disease. The blood pressure was 
within normal limits. Electrocardiographic studies were made in all cases with- 
out regard for the presence or absence of sjnnptoms. All tracings were taken in. 
the recumbent position. Routinely, the three standard limb leads were used, 
and in 41 cases (52.5 per cent) an additional single precordial lead (IVF) was;.- 
made. 

The standards of normal which were used were those suggested by Katz.^-- 
(1) P waves were considered abnormal if their duration exceeded 0.11 second, 
if notching was easily discernible, and if all the waves in the limb leads were 
smaller than 0.5 millimeter. (2) Low voltage was considered to be present when 
the QRS complex measured 5 mm. or less in each of the limb leads or when the 
sum of the amplitude of the QRS complexes in aU three leads was less than 15 
millimeters. (3) Q and S waves were considered to be abnormal ‘whefi these 
waves measured one-fourth or more of the amplitude of the R wave. (4) Devia- 

Received for publication June 17, 1945. 
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lions of file electrical axis to the left of over 35 decrees wci-c regarded as ab- 
normal. (5) Tlic RS-T segments %vere considered to be depressed ’svlion tliorc 
were deviations of more than 0.5 mm. in Leads I and II and 0.75 nnn. in i-«ui 
in. The RS-T segments were considered to be elevated if tlie deviation was 1.5 
mm. or more in the limb leads. (6) In all limb leads only T wmves which were 
less than 1 mm. in amplitude were regarded as being low. Inverted T w’avcs re- 
ceived consideration only when they occurred in Leads I or II. A definitely 
inverted T wave in the chest lead was regarded as an abnormality. 

Sf/ni 2 J/onis.— -Symptoms referable to the heart were present in 27 cn.sv?; 
(34.0 per cent). These consisted of tachycardia, palpitation, dull pain in or 
over the heart, occasional breathlessness, and ea.sy fatigue. Weakness wa.s the 
only complaint in 12 patients (15.4 per cent). The remaining 30 putients 
(50 per cent) liad no sjunpioms. Of the 27 patients witli .symptoms sugge.s'tive 
of cardiac disease, 20 had abnomnl elect rocardiograjiliic paflcrn.s, wltile .seven 
had tracings that were within normal limits. There were tWo j»ationts with 
normal electrocardiograms and ten patients with abnormal patterns in the 
group of twelve patients whose only complaint was weakness. Of the 30 patients 
without symptoms, 13 gave nonnal tracings while 26 had some electrocardi- 
ographic abnormality. Five of the six patients who developed cardiac decom- 
pensation during the acute attack showed low amplitude of the QRS eomple.^. 
Frequently changes in the elect rocardiogram.s of patients wthotit rccognif.cd 
heart disea.se were quite striking. 
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Fig. 1. — Three records showing tachycardia. A, from a patient who complained of ex- 
treme weakness and palpitation, shows sinus tachycardia with a rate of 150 per minute. B is 
from a 28-year-old white man whose only complaint was weakness. The heart rate is 105 per 
minute witii a P-R interval of 0.2 second. G, taken from a 22-year-old white man without 
symptoms, shows a heart rate of 111 per minute and premature auricular contractions. 

P Waves.— Yaiiations of tlie P waves (Fig. 2) were seen in 29 patients (38 
per cent). Tliese waves were abnormally wide in 23 patients (29.5 per cent) ; 
while notching appeared in only two. The electrocardiograms of four patients 
showed low P waves in the limb leads. The P-wave abnormalities were associ- 
ated with sinus tachycardia; other associated changes were infrequent (Table I). 
In only one patient were abnormally high P waves seen. 
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1 -li vol. Heart block was not present in any of tlie patients. Jlnw* 

ever, in eight patients the P-Ii. interval measured 0,2 second, and in nine an 
internal of 0.18 to 0.2 .second was found. In all of these 17 patient.s an accom- 
panying tachjeardia was prc.sent. P-R intervals bordering upon the upper lim- 
its of normal were considered to have doubtful clinical siguifieanco, .since slieht 
prolongation is frequently seen in Ujc convalescent period of various other in- 
fectious diseases. 



A. B. 

Fis. 2. — UccorOii inaicJitlrifc dcviittlons uf Uu- r \v.",vc from iho Ktnndnra.>« of nonnf-t- A 
Is from a Trhlto i«nn, yo.irs old. Avlth the rorr.jil.'iint of wc.iJcne-'a, p. Is from ft ;' 7 -y)*'ir-e;d 
white man who nf nalpitatlon nnd weftl;n<'j*«, and phov.'n nn tiicr< duration of 

the V v.ave. 


QJiS (7<?;ap7e2‘,-— Abnormalities of the ventricular complexes were present 
in the majority of patients. These included the frecpicnt presence of Q tmd 8 
wavesj low amplitude, and occasionally slurring and notehiipg {V\s. 8). ^Ac- 
cording to the criteria which is being applied, .significantly large Q rvavrs wr-M 
.seen in nine patients (12 per cent). In only four of these patients v/err tlmre 
a-ssociatcd S waves in another lead. Small Q waves, not occeeding 25 per cent 
of the upward deflection, were pnwent in 87 other patients, In this cfialy, 
.such small Q waves were considered (o be a normal varient. 


Deep S w'i'Si-A were pi'esent in 41 {mtientH (58.2 per cent). Only tho'^c S 
w.nvas wliich appeared in tw'o or more of the limb lead.s were eorj'^idftrrd to 
abnorranl. This condition apfirared in 21 pntionfs ('ll per cent?. Th<- 
complcJi; was of low vnftagc in ten patients {‘12 8 per cent). An a!>norfri&l dnrcx- 
tion of llie QR.8 cornpl<?.x over 0.1 1 second wws prf-f-nt in only on.- p.atj"t»t Ic'ff 
axis deviation, which could not Ik* nttributod to the l.-rMiy !>uild. wt.s prc^a-nl iff 


HOLLANDER 


ELECTROCARDIOGRAPHIC CHANGES IN SCRUB TYPHUS FEVER 485 




r«MNM^ ■*»«»» 




K»li 

fxa'aKKSi. 

'iji’ii 

Jimp *!■■•■ 'tv .^Sli «PPb 

r: rnr^v^mn 

■ fd 

iii#Jt|i u<". 

■ Mhf •«<■■* 'hW.«A 

pn*. •! PAP’-, ".ri ifhi'. •■> 

■P" ■ 

• .'‘v* 

• * P I < w* *(>■* -'v c*Av«i 

•< V, :ippd 

• MM t*! ■■ .a * bft*t 

• kpi ’» »Mhi 1 ■ k'a I vu\«« 

kBA“*ki»wif<p«,R«i 

MV. ipt. ■.Pm >a M»»P« 


-S 5 K:Sa SaSiKKSSSSSSt, 

' >»iean M i wnrgKMtyagvr^ 

* ^^tME'«bH4iu««»a«rat 
, taccr«» je1taSI{tail£«tP4.IM(Bt(T»«HlC 
v -aasrsu, -^yK**ggg «wy wfgg v aa »f ; 

’**v>rjr»f«s«jfJfKW»3n»« 

jyv-sv 

* -:ara’i»a*5!2,i.. ■nj*iftr-^kisBKi:«»-an 

. ■c«:re'f»»<»3r:2:.cssrr7sasi:ii*«'r«ajrs2i 
^ »««t*ftEww ^y»rwpairETS>E?i».g>i*r 

B7tr >«'^t.91CSlrwas«e«KMfl 
-^sa^EuattaKrasKsu! 

■ P''*tt*pfw»7 arrjyraajeine*a«»»a. 

Kt-'^Barufc W^^sEKKitsvusvaw 
V9£t».esi»c«.v8 
•R>xj«H&<iUri<' f..Kpas«.rieAdi&s.K«w 


•R>xj«H&<iUri<' f..Kpas«.rieAdi&s.K«w . 

Karaar*” 

jH’KAuaikUifcswaKnii’^t** 
ir*4ir^Rv>,*'«t;ifiki4«tteftaTiKKiiahrasr 
‘tt«W?>3>.*Sk **»r-aK*»«*lCS'B«fflyA®W 

•"'T . -K kK* ’'«•»>»'— •‘JWP'P-i.^n 

jr';v»*’. M» p p "PUP “f I 

■ h • 0 .. ■-■•» • 

•••■ M-iMpr«CP* 

*■.■ .■»“.* V«V*PVPPIP 

. . • ■ - .p . p Vi Ml • • ■•i> 1 r • 

, •■>•■ ■PH'iprn'irvr'i* 

( . r ••. PfrV* 

vv ■•■. fpi 

•V •'■:*■■ ir« •■' Hi.Kl*.ppp 

.• fe mrel. 4* . • .•« » t .. ■ • PP k% 


piVPRpqwtw PTm»nigfcH»PTPpw^»—m 
^ aaa^irtlU4P>i(]PtB«S.4M«'«««<*V«0l 

«:>>xstte:a>i««ii8vi«s«vKisiiv«l| 
^ v>'scfi>A.s«' r-sKirr-rx^Laii^v •gtrvaavvM’ 

t-f’i^n'XTLf ^<;ts^aaa&^aia9uMs%:«iwwa«»'S 

•: 0 ■ ■ : •• I 4 «• P pp ^ 

; ■ • • • ■• ■ ■■ I •■■*.» !■ > P •! w • -I V ■ • 4| 

^...{‘^*.'”**‘'",*1 “ *■ 

■ Mm. ^ • , M ■ P I • •■ . i .1 .I. ■ M - 8 

» '.n' Hi -■ ■ ' • 1 .- v: . Mip 1 -I • 

■ ^ ' ' t p ' I a \ M . r I t 

. r h', 4 v ■ V p: '• ii<Tv*i>» :'rM“»r»'»!prT 

■ •■■ ■ .1 •>.- 'S'.' p ■! I pn* *• ■ '4 

•'* 41 I .•t>P«Nri '4“'h1P. Vk 

. • >9 ■ V^'i>fVI'»f..>>*v*/»f.wp-a 

n I ■rff«p..ivi. ii-4iiiih.pr 4 

•• - ■ 1 ■•» . ^» . •.• I 7 V -. 'PV* V'.P *«.I« '• 

- » .4«.» - ■ p-' , 1 .'j 

. Pi • “ 1 < 1 » % . I »i • I a I, ' V V ;. p ■ w 

•■*•' » I! I fcva ” • Vp a IT 4 PpI 9”"“P ‘"ev 

'■ • ■ ■ 'M„ •■ ■ V. in b k-i I'.n •. s h p •■ 

xn’ppii ^ 

.1 . MpRj,:...^ ,M •VN* »■ k. !•-■■* . .•■■ 

' • ’ B I . I. a > . r >• • .1 

-■ ■ -I r r .'WVP- I p-P9->v*M,.pp MIC, .1 

' -% tU -MP 'P ••.MRVk •*«( . 4 ^ .1 ■• 

••■■'•» ‘. > .'I 4 • «n. pfs. J 1 .P 8 

* • : 'p I * p' ap, 1 ■ . "i* «a ' < A.' V4 a I** ; I, 
* ■■«! i-ri '■p44'*tor(aM'i, iwiL-pa 




1 _, r»«k9I 

■•iinaHSJayr>ta««v «inBBa«ri»l 
iaaavsBRMlriiiits. •ivttaaiMij 
vwaaiiKaairsRBSBi *mv»mrie* 
•SpQtMKMd^URSrfpa ‘•aM.CVMlil 

waits. 

MapaKavBRKWiiap "rkppbv. 

•■Mtt 
ir«KJ«a 

! MV«« ,^.0.0.. 


»W«L««a41«S»MI««F 
• ««« ■ «r« Ira 0 iu( Rp 
tliat»Vir««M KM* 

icMRaMS-aiiaf ««»«<! 
I » SM a aa »i[ k> fca 9r* a 
ixa*fia»ai»an»Kiaa?a. 

iwaaaaaascaaaavi* 

lattaaaaaaKaaaasa 

laaaaaaaarswaaitar 

i»aa»ca«aA»cttir«a 

antinaattasai 
aamiMaKysKi 

aaaaamaans; 
aaaaaKXtuia' 




.. ..aaaaascaaaaviw'^gisatmK 
lattaaaaaaKaaaasa 4«t*«KraK 
laaaaaaaarswaaitar 

i»aa»ca«aA»cttir«a tMMjwRPw 

^ . . «ii««Ha9au«»ca 
faamiMaKysKKaicKS 
laaaaamaanssaaaa 
vaaaaaaxtuiaaMas 

i vawaw'aaiMtaawa* _ 

saaaaapaaiaaaiMea. 'naaarsi 
aaa«aa»»»«Naa«ai tnavaK 
aaaaaaaaawapaatfk aevaav 
aaaaanaaKaBvaaaa ytm»mK 
fa » mnKMPa rnn^^’rs^^rmma 
iaafaaaaaaavvirfravM 
(aMaaaaxaaaaacaa « 

B maavaaaaa*"-*'*' 

aalaaREKMi 

r,— 


lllti 

5Hi 

■ t -j 

■i i -.•-*■ 4 


■ 'Hr- 

m 

;:•:: 

rnttl 

: t j 


■■r! r t' 

:. 1 :: 

' ; p ;- 

L! !'.] 


- » li- 

Hi: 

liiiii 


-U^-. 

■■ f.i T' 

.. 1 




. fc-#*:- 

^-i : \ ] 

« »■■;■ t j 


'‘if 


lilr! 


f. *-.f4- 

' • ^ ^ j 


1 i *• * 1 

; . 4 .^. 1 . 



“i 

Ltiti. 

•'• It; 

tnii 


^ T r* 
r + t ? '. 

■ 1 "I ^ ' 

TTri 

TTT’t^BjK 


■ i u 




. , ..,: 

■^fni 


' •-? • t 

r* ’ ^ ' 


‘I Ml ' 




2 rocQW^ 

IftlS&c 

r> <ys 

. ©-O g 

COra*3 m t, 
ej fe © 
.JCJ'wgp, 
C 

iJX!©”® 

t; s “ • 

<=5£ d “ m 

ftS " m” 

f4 O 

/j O O J5 -> 

C3 c3 

i«ir 

a'' d « 

-i|sg 

5 av »r n3 03 

ciK ^ o 

•gO’ocS 

©^dd 

x^*^ag 

q o 
O O 5 
V to2 

»A cs^ ^ <y 

iw a 

■y • ° E 

°o§«o 

g" tn" " 

a.t;ddfl 

® I « 8 © 

Jf-SSo? 

Ig§lft 

2©d .2 
•S ac) o O 

^ o ^ 

S °'a 00 
"o®£n 

dgd©=5 

^ y gp-) o 

g m 

g © y V. 

“■’ll” 

d o © a . S 
W ra d ti o t 
54J.M gS C 

'S'^°^2 = 

d . M S >“ 

0 xhh 5 .S c 

o-w d O'C f 

^ C ^ - 

1 O4J •ti'Z 

coo^ -i 

C**** ^ 

vi d 03^ c 
^,c3 p,<y 5 
X 

'^•S'^2dc 



486 


AMERICAK Hr_\nT JOlTRXAl. 


ten patients (12.8 per cent). Deviation o£ the a.ds to the riirht va. fnrtRl . 

instance was attributed to the body build of the iniknt ’’ 
BS-T Seoment-Dopression of tlic RS-T segment in the limb 
occurred » 12 patient,, (15,4 pea eon,). The d^p.ossion wa, p^eni't ti. 



fuin one lirnh lead in .seven of the 12 isaticrnls. Depnv-.don of itc' K»yr?;t’!t£ ‘A'--, 
jot noted in the preeordial leads. Hb-vatiun of the- «‘-gmeni v.tsS in D 

:)aiients (14.3 per cent). Tins r'htmgc %vns .''Cen in the brnb 3>’ad‘- Sn .16 
ind in the precordial lead in one instanc*'. Tiie cb'-vnticm w'mi ptesetd sn 
[I and HI in thri''^* palietil':. in f^t-ads I and ftPiV ir; om' in I.*;-.'! I 

done in one patient, and in ff in five- f)ritjr!its. 'fm- total ntnan* r ot 
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segment changes totaled 28 (30 per cent). Abnoimal deviations were primrriiv 
associated with simis tachycardia and abnormal S waves; in only 6.5 per ccri 
were they associated with abnormal T wave.s (Table I). No example of 
depression and elevation in the same record was recorded (Fin. 4). 

T Wave . — In 23 patients (30 per cent) there were changes of the T v.a^ci 
which were confined to Lead III. In 16 of these 23 patients the change- was hr 
vei-sion. These changes were considered to be witliin normal limits. In seven 
cases low T waves were obsenmd in Lead I or JJ. Low waves wore hund in 
Lead I in three patients, in Leads I and III in two patients, and in nil thre- 
leads in two patients. Associated with inversion of the T wave in Lead ill 
were a low T wave in Lead I in four patients and low waves in Lead.s 1 and 11 
as well as Lead III in four patients. In three eases inversion of the T w;ue-- 
in Leads II and III were associated with a low T wave in Lead I. CJianges in the 
T %vaves, excluding changes limited to Lead III, were present in 18 j>aticsiH 
(23 per cent). Of these onl}- 5.2 per cent were isolated findings (Table I). 
Peaked T wave.s in the limb leads were present in* two ease.'?. T-wave nhnonnah 
ities were not noted in the precordial leads (Fig. 5). 

Duration- of Changes . — The circumstances under which these .studies wen- 
made allowed tlie study of only a limited number of (hCvSe patients for any length 
of time. From those who could be followed for a number of months, no statistical 
conclusions could be dra\vn. In eight ca.sas there was a pcrsi.stcncc of thf 
electrocardiographic abnormality as late as five months later, while in two tin- 
changes were present one 3 *ear later. Prcqucnlh", the elect rowirdiogram would 
become entirely normal within three months of the onset of the infectiors. fu 
other cases there would he some improvement with only the conlinuaiwo of a 
minor abnormality. 

SUMM.VKV 


A Btud\' of the eiectrocardiographie findings in 78 patient-s convale*;finc 
from scrub tj'iihus fever is reported. In 34.6 per cent of the patients of thi- 
scries, symptoms referable to tlie licart were presx-nt. No rclaiinnship wn.s found 
to exist between tJje subjective symptoms and the electrocardiographic fuiiling’ 
Likewise, no correlation betw'cen the .severity of the disease and the apparent 
cleclrocardiogi'aphic abnonuaUties in the <-onva]c,sccnt period could t>c d»'- 
tennined. Fat icnl.s wdio dcvciojmd cardiac failure wen- nion- liludy to >.[!ov; p< r- 
sisteiicc of multiple abnonnalitios and to require a more prolonged corsvab-waU 
period. The tracings of only 13 pnfient.s w'oro graded as b«!ng withiri rierl 
normal limits; in another eight patients there were minor «‘{cetreeardiogmpi.w 
e}mnge.s that wxoe placed within normal limit.s. The remaiidng 57 pata.rit- 
(73 ]>er cent) showed abnormal c-k-ctro<mrdiogi-aj>bic findings as to. ’e 
eight weete; after tlie onset of the infection. Kinus fa.-hycardm ua*.- in 

4{hl per cent mid was frequently rt.Kreesatcff with ^ome other abnorinanty. Poc 
Imiged duration of the P wave appeared in 29.5 yr etui No vsntnph- of 
block was present. While minor deviation.^ of ibe QHH m:nph>: were quite irc- 
{lueat, as 5 AdatecI Q m\d S waves were present in the neotd m mdy 
per ceiit of the pathnfs. Large ft wavf->« in mon than teo bads found m 
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27 per cent. Low voltage was present in 12.8 per cent of the series. Small Q 
waves were present in 47.4 per cent of the series. Left axis deviation was seen 
in 12.8 per cent. In 29.5 per cent of the eases deviations of the RS-T segment 
occurred, and this was the only finding in 2.6 per cent of the patients studied. 
The T-wave abnormalities, excluding those in Lead III, totaled 23 per cent. 
Chest leads, with one exception, were within normal limits. 

CONCLUSION 

In this series of 78 cases of convalescent scrub typhus fever the electro- 
cardiographic findings in the order of frequency were: (1) sinus tachycardia; 
(2) RS-T segment deviations, about equally divided between elevation and de- 
pression; (3) prolonged duration of the P wave; (4) abnormal S waves in at 
least two of the limb leads; (5) abnormalities of the T waves of which low 
amplitude was the most common; (6) left axis deviation; (7) diminished ampli- 
tude‘s of the QRS complex; and (8) the presence of Q and S waves in different 
limb leads. Small Q and S waves were frequently noticed. Under a rigid 
application of the criteria defining the normal, apparent abnormal electrocardio- 
graphic findings were present in 73 per cent of the patients studied. In view of 
the somewhat wider limits of normal which are now accepted, some of these 
tracings would possibly be classified as within normal limits. However, the 
presence of borderline changes and particularly the presence of more than one 
change in a single tracing may well indicate the continued presence of myocardial 
damage. 

No relationship between the severity 'of the disease, the subjective symp- 
toms, and the presence and persistence of electrocardiographic abnormalities 
could be determined. 

Acknowledgmeat is made to Lieutenant Colonel Carl A. Dahlgren and Major Herman 
Shapiro for their cooperation and helpful suggestions. 
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PERSISTENT RIGHT AORTIC ARCH WITH ATRESIA OF THE ENTIRE 

MAIN PIjTjMONART ARTERY 

Pkter a. IIkubxjt, M.D.. and J. Robkrt Fox, M.l). 
Pnir,ADnLPHiA, Pa. 

V ERY early in the development of the human embryo the defuntivc Rortic 
arch and its hranches and tlie pulmonary artery liavc their origin in a fjcrirs 
of arches that develop bctu'ccn the ventral and dorsal aortao.’ These arc six 
in number anA ari.se in consecutive order ccphalocaudally. Py means of ntroply 
and ah.sorpt.ionj certain portions of the archo.s disappear eoinplctely whercR'; 
others remain to fonn the adult, vessels as we know them. While the pattern 
of atrophy and absorption is ordinarily remarkably con.stnnt, occa.sicninlly it is 
not, and this results in tire formation of a serie.s of anomalies of the larger ves- 
sels -which also pursue definite pallenis. 

Tlic most common abnormalities are found in the aortic arch 'ami its 
hranches and consist of coarctation of llie aorta, ])atonl duet ns nrlorinsiis, {»ov 
terior right .subclavian artery, right-sided aortic arcii, and double aortic arch/ 
Anomalous dcvclopmc'uls of the main pulmonary ni'tory also occur, hut these are 
considerably les.s common. 

Perhaps the most frequently eneoiintered anomaly of the pulmonary nrterv 
is stenosis of the origin of the main artery .so constantly found a.s one of the 
features of the tetralogy of Fallot. Com]>leto stenosis or atre.'-ia at the c'<tt 
of the main pulmonaiy artery from the rigid ventricle has heen reported qmtf 
frequently.'-' Complete or partial absence of (he main pulmonary artery ha'* 
been recorded le.s.s often. In lt)28, Wheeler and Abbott* repm-ted a eu‘-e of tie* 
latter in a mart 29 years of age. In 1931, ICugeP desfrihed two c."..sf‘s in infants, 
and, in reviewing the literature, .stated that Ahhoff collected 31 ca.vs of ‘‘trum'u* 
solitaries aortieiiK.” Suk'^equcntly, a ease in a girl 9 years old was reported ty 
Schopper,'* one in a boy u years old was reported hy ftrc.enspan and l/.unfin. 
and one in an infant 91^ months old wa.s reported hy Ihwmaii.''' In the 
3,2W necropsies j>erfonncd at the Jeffersfm .Medical ftollftr*' Ilosjutal wc Hav*' 
encountered eight ca.«‘!.s of a po'derior right subclavinsi nrter:.-, timcf' 
pa,tent dticlu.s arterlo.s-us. two ca,sc<. of a double aortic arrh, one of a rjcet- 
suit'd aortic nreli, and «.me ca-e of a ritrht-sided aorli.- arch nith an aUx'un of fh* 


rrnrii t’O’nJn'sf nr.^t tU" JO. 

IIc»“r!taL j’Mla'Vq.rte. T.-j. 

O'-’’ r’i* !o .sO'j>5 s, ;m'. 
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entire main pulmonary artery. The latter is of particular interest because in a 
review of the literature we have found onl^ one other case in which this com- 
bination was present.® 

• REPORT OF A CASE 

A white ^rl was delivered spontaneously at term and for the first two days of extra- 
uterine life appeared entirely normal. On the third day she developed repeated attacks of 
cyanosis and was admitted to the Jefferson Medical College Hospital. liSdien the first bottle 
feeding was attempted at the hospital she suddenly developed deep cyanosis unaccompanied 
by signs of respiratory or esophageal obstruction. The feeding was immediately stopped and, 
aided by inhalations of oxygen, her normal color returned. Subsequently cyanosis recurred 
at each attempt at feeding or on crying. By the end of the day, however, cyanosis became 
continuous and disappeared only when the child was placed in an oxygen tent. Feedings 
could now be administered only with a medicine dropper. 



Fig;. 1. — ^Left lateral view showing : AA, ascending aorta ; RCO, right common carotid ; 
LI, ieft innominate ; AO, right aortic arch ; JIA, ductus arteriosus ; RL, right recurrent laryn- 
geal nerve ; TP A, transverse pulmonary arch ; PA, atretic main pulmonary artery ; T, trachea ; 
and LLj left lung. 

Physical examination revealed the cyanosis of the head and neck already referred to. 
There were a slight shift of the trachea to the right at the suprasternal notch, a lag in the 
expansion of the chest on the right, impaired percussion, and diminished breath sounds over 
the right upper lobe. There were no abnormalities on percussion or auscultation of the heart 
at the initial or subsequent examinations. A roentgenogram of the chest on the day of ad- 
mission revealed an atelectasis of the upper lobe of the right lung, a slight displacement of 
the esophagus and mediastinum to the right, and a normal-appearing heart shadow, A 
bronchoscopic examination by' Dr. Louis H. Clerf disclosed a normal larymx, trachea, and 
main bronclu, with no apparent obstruction of the bronchus to the right upper lobe. A cul- 
ture of the bronchial secretions yielded Streptococous viridans, a member of the Priedlander 
group of organisms, and Neisseria caiarrUaJie. An electrocardiogram disclosed a right axis 
deviation compatible ^vith a congenital heart lesion. Some clubbing of the finger tips was 
noted on the sixth day after admission. A second bronchoscopic examination on the ninth 
day did not reveal any' changes. Cyanosis continued and the child died on the fourteenth day 
of extrauterine life. 

At necropsy the entire main pulmonary artery originating at the base of the aorta and 
ending in a “transverse pulmonary arch” was represented by a solid fibrous cord that 
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tnea>tirr^d 1.5 by 0,1 cm. (Figs. 1 tmd 2). The left pulmormn artery «as uideh 
measured 0.4 cm. in diameter and 1 cm. in length from the entrance of Uie libro;.’. < -rd ; , d, 
hiluin of the left lung. The right puhnonan- artery na^ directly contmuoj. huI. tU 1 
.and from the entrance of the atre.=ic main puhnonnry artery to the hilum uf tie ru’it L* ■■ 
measured 1 cm. in length and 0.5 cm. in diameter. .\t a point 0.4 cm. from the hihim < { V* 
right lung it received a patent right ductus arteriosus that measured 1.5 cm. in length *i,-l 
cm. in diameter. This entered a per.=istent right aortic arch just distal to the junction cf 
arch with the ascending aorta. The ascending aorta measured d.3 cm. in length and 1,2 
in diameter and at the arch gave rise to the following main orterie..; left iimnmiratc, ng!’ 
common carotid, and right subclarian. The aortic arcli was dircct.'d posterior!.! to tt,.’ rC'i 
of the trachea and e.sophagus and ended in the descending aorta whirh gnidiialh 'cro sci ro d 
left side behind the esophagus. The bronchial arlories were not h)portroplued. The risf: 


I? 1' 


> t * ■» 

U'! H 


' . Vl 


e ' V 





Fl{r. 2. — Rlftht lateral view .riinwlnrr: AA, apoonfllns norl.a ; TJ, h ft innomtr.st' : 
richt common rnrotJd; R.S, rJrht subcla'vi.an : AO. rlrJit aortlrr arcli; DA, docni" nrterto’s ■ 
RL, rlfrht ri-curront t.arj'nK'’al nerve; PA, ntrotlc main imlrnotjary artery; TPA. trarc.. * 
pulmonary arch; V, vnciis nerve; and RL. rirrlu Innrr. 

vagus none was norni.al in position nmi g.'ue off the light recurrent laringeal r.mc t" •' 
crossed the diiefus artcrio'-ua. It wound around (he latter nnd a- 'ended to the Irmi-nt m ii'' 
tmcheoC'oplinge.n] grooic. The right atrium of the heart was considorahly dihtrd; t m 
foramen ovale wns ’.'ddely patent; the superior four-fifth* of the inter% eritricid'ir 
w:i<s defective; nnd the ascending aorta ctrnddicd this defect. The lung- sinned sfattcrr'i 
p.archy alelertashs throughout all the lobo' and irreguhir an-ts of pn* am<*r in. 
other congenital anomalies present were a leediile eecnni and a parii.n! failure «>f 
of the entire intestine.-. 

rOMMKNT 

The e^rtlnilive artei-jal pattern ns f-'-eii in Uiis cn'to js n-aelil.v rapisinf 4 <»s en 
embryoio.giettl hnsis.” Tiic aortic arch nn4 i{« iiraneht.s normnlly thvelnp Itcah 
the lotiriii pair of aortic nrclic.^ fin;! seop in tiu- to 0 turn. .«;!age ft shryo 
tlmarilr, the fourth arch on the left pf-r>ts{s itt if.s fdi!sn*!y fonniau 
rnal aortic arcli, tvlitle on the rioht fitfie igo rpirvil portioti ih^ < ^ 

of the seventh cervierJ ycgmmtal artery (or tvlmf Inf^-r tU 4rnn p-.r. 

of the right erthelrtvian artery) £n4 tlx lUtding aorta .Ihapp'vx . T/k > 
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tire ventral portion of the fourth arch thus becomes the proximal portion of the 
right subclavian artery. The common carotid arteries come from the proximal 
portions of the third arches. On the left side, this, together with the proximal 
portion of the aortic sac, is incorporated directly into the aortic arch, whereas 
on the right side the portion of the aortic sac where the ventral part of the fourth 
arch .loins the right common carotid arterj’^ then elongates and forms the innom- 
inate artery. 

One has, normally, therefore, a left aortic arch giving off in order the right 
innominate artery, the left common carotid artery and the left subclavian artery 
(which comas entirely from the seventh left cervical segmental artery). The 
case reported here is a mirror image of the normal, as just described, so that 
there is a righ-sided aortic arch giving off, in order, a left innominate artery, 
a right common carotid artery, and a right subclavian artery. 

The pulmonari* arteries aiise from the sixth aortic arches, which first ap- 
pear in the 6 mm. stage of the developing embryo. As a result of growth and 
absorption, the proximal portions persist as the main pulmonary’’ artery and the 
right and left branches, whereas the distal portion on the right side disappears 
and that on the left forms the ductus arteriosus. In our case the main pul- 
monary artery became atresic and was represented by a fibrous cord, hut there 
was a direct communication between the right and left pulmonary arteries, 
forming a normally functioning transverse pulmonary arch. The portion of the 
left sixth arch that usually forms the ductus arteriosus had disappeared while 
that on the right side was represented by a widely patent vessel. It was by 
means of this right ductus arteriosus that the pulmonic circulation was main- 
tained receiving both aerated and nonaerated blood from the ascending aorta. 

The literature on a right-sided aortic arch has been adequately covered sev- 
eral times, and a summarj’’ need not be repeated here.^^’ This anomaly of itself 
usually produces no symptoms until later life.^^’ when, as a- result of sclerotic 
changes, the aorta may dilate and press upon the esophagus, trachea, or right 
recurrent laryngeal nerve. In the ease reported by Herringham^® a 'dilated 
aorta produced right-sided laryngeal paralysis and death from tracheal compres- 
sion. Jex-Blake^' reported a case of a right aortic arch in a puppy where a short 
ductus arteriosus coursing first to the left and then behind the esophagus pro- 
duced esophageal obstruction. Other signs and symptoms that may be elicited 
are ; suprasternal pulsation, stridor, hoarseness, cough, pain in the chest, sensa- 
tion of “pins and needles” in the left arm, difficulty in eliciting the left radial 
pulse, and a pulsating tumor identing the waU of the trachea and esophagus as 
msualized by tracheoscopy and esophagoscopy.^®’ Since most of the cases 
are asymptomatic, an ante-mortem diagnosis of a right-sided aortic arch rests 
with the roentgenologist.^®’ Of importance is a widening of the upper medi- 
astinal shadow to the right instead of to the left and, fluoroscopically, a pulsating 
■aorta to the right of the trachea. Wlien the left aortic arch persists as a 
diverticulum there may be an aortic knob on both sides of the upper medi- 
astinum. Examination of a barium-filled esophagus shows a chai'acteristic 
concave depression on the right side at the level of the pulsating shadow, while 
in the right anterior oblique mew the depression 'is seen on the posterior wall of 
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the esophagus, and both the esophagus and trachea arc displaced aaUTinrh; 
Finally, arterial radiography^^ alloTrs direct visualizjition of the aortic areh to 
the right of the trachea and above the liiluni of the rigid lung. Bceau.^o our ea.'- 
exhibited cyanosis alone it is unlikelj- that the right aortic arch <>ofj{ri!i!Utd t*i 
its symptoms. A .single film of the chest show'd no almomial arterial shadoY,**-. 
Barium studies of the esophagijs and arferiogi'aphy were not attempted hcc.iU';- 
the child was too ill, but bronehoseopic examinations disclo.scd no triicheal emn- 
pression. 

Although a right-sided aortic arch produces few if any svfnptoins. sienedi. 
or atresia of the main pulmonaiy artery is rarely asj'mptomntie. Cyanosis arai 
dyspnea are usually present from birth/- '• and if the paticnt.s live beyond in- 
fancj' there may develop clubbing of the fingers, a prccordial tlirill, sy.s{oli(‘ arid 
diastolic murmurs over the i^rccordium, polj'cythemia, and veiiou.s distcntinji of 
the neck. Death restilts from cardiac failure or inlercurrent infection.'* 

The prognosis is not good and depend-s on tlie extent of the cnllatertsl fiiva- 
lation which, however, cannot he a.scertained clinically, Tlie arteries that rosy 
establish a collateral circulation*- consist of the ductus arteriosus, the hroucliials, 
and the mediastinal, esophageal, precordial, coronary, and aberrant arteries 
from the aorta or subclavian artcrj\ From a study of the oases that carnc to 
necropsy it would appear that the best prognosis occurs in those with hyper- 
trophy of the bronchial artcides. In the nine eases reviewed ijj this leport, tli'v-e 
showing a closed ductus arteriosus and hyperirnphied bronchials'" lived to 
the ages of 5, 16, 20, and 33 years; those sl)owing a partially patent ducltin 
arteriosus and hypertrophied bronchials®* ® lived to the ages of 9 and 29 years, 
while those w’itli a patent ductus and sinall hroncliials'* died at 0 month't, 
914 nionths, and 14 months of age. In our case the hronchlals were not Ijyp*'^' 
Irophied; the ductus arteriosus was patent, and the child died at flic age of 14 
<Inys. 

Treatment in stenosis or atresia of the main pulmonary artery liu.s' liifli'-rfe 


been entirely symptomatic and at best rather disappointing. The work of 
Blalock and Taussig/- however, ha.s changed- the entire outlook. In three riiil- 
dren showing severe cyanosis resulting from steno.sls or atrosin of the main pul- 
monary arfciA- they increased the flow of blood to the lungs* by anastoino-dn*' 
the .subclavian or innominate artery to a pulnmnary artery, riinically tlwre 
immediate improvement in that there occurred a decrease in cyanosis, dr-'-rraM- 


in dy.s-pnen, and an increase in tolerance to excrci.'-'O, If lhi.s irnprov'-'ment c.'m 
he maintained there Is new liope for an otherwise almo.st uni\'ci>.*/lly fatal t-oji- 
ditlon. Tin's alone justifies the reporting of o'.- many ec'^-'-s as pocublc in ord.fr 


to enable a more accurate clinical diagnosis. 


Of the many anomalies that may arise fnirn the primitive aorfn- arfisw 
present in the rk-vcloping luiman embryo, atresia of tim main jinlmonarj- artery 
is one of the least frequently encoiintmYd. A combiimtion of t-his nfmorraanty 
with a ripht-rifFd aortic arch i.s even frcquc'at. for ilo' lifr-rnfutT 
onlv one report of a cas.'>. The case pr'sent-'-d here is that o? an inumt -....n 
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developed cyanosis two days after birth and died on the fourteenth day of 
extranterine life. At necropsy there were found atresia of the entire main 
pulmonary artery, a right-sided aortic arch, a patent right ductus arteriosus, 
interauricular and interventricular septal defects, and dextroposition of the 
aorta. 
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PRBrARY, l\rASSn^E CALCIFICATION WITH OSSTFICATIOX 

OP THE SIYOCARDrU.'^r 

JoSKPH JI. Edkustkix, 

Boston. I^Iass. 

P RBTA.RY. massive calcification of the myocardium wilh bone fornintinr! 

very rare. Its occiarrenee in the myocardium of the left vciilrido of so 
11-year-old boy -ivas observed at autopsy. 

Scholz,^ in 1924, reviewed the literature on the subject of calcificntioa of 
the heart and compiled a list of thirty cases. Diamond- reported n 2r>.wii'1<. 
old premature infant with extensive calcium deposits in dep:eneralcd Iscnr* 
muscles. This he attributed to imhnoAvn toxic causes. Brown and Kvans,’ in 
1939, wmre able to find reeord.s of only fourteen in.stanccs of primary. masMve 
calcification of the m 5 'ocardium. Coronary artery disease c.xistcd in cli bai 
four of these foTirteen cases. These authors reported as primary, an instance 
of massive ealcification of the heart muscle which was evidently secondary to 
coronary artery disease. They stated that massive myocardial oalcifiMtion 
usually follows occlusive coronary disease. 


C.ASn REPORT 

An ll-yenr-old vliite boy ndmitted to the ho^pitnl bccau.«c of brndycnrdKi, 
faligabiJily, and slight cough. TIjo p.'isf history disrlo.sed srarb't /over at the figt' of f'. 
and rheumatic fever at the ago of 7 years. Tor the pfi-^t year plight e.xertion had pr''''bTr-l 
extreme fatigue and opigmstric p.nhi. For tho pa.st seven months he lirtd bem fORfiapd t'> 
his bed. The physical examination disclosed a poorly nourished child. There wer.* in 
cre.nscd breath sounds .and moist rAle.s over the lungs. E.xaraiiintion of the heart reve".!'-’! 
a lond first sound at the apex, a duplieation of the second sound, a questionable third te-ji'S 
and a gallop rhythm. The second pulmonic sound v.'a«? .accentuated. The loft borde.- f. 
the heart tvas at the anterior axillary line, and the apex vno felt in the sixth iriterce'P-.i 
.space. The heart rate wn.s GO per minute and the arterial blood pre^iurf «as ISS/h"’. Ti*' 
liver avas con.siderably enlarged. 

Paring his stay in the hosjiilnl the heart rate was -JS per minute on .‘several ij-ra'vr'y 
.and n ^‘swishing” systoHe murinur wn« heard at the left of the fiferniurt in the third 'is 

From the {Jep.artrneot of PaVtoioKy. MtefmeJ Ue-e«»; rTo-pifnl. Chte-stro, Jliuioti' »td' 
ment ts supported in i«r; by th-"' Mleliael Uf—^-irrh 3-*oun!5all'>ri 

Recidved for publiratioa May t’*-. Iftt.". 


rip. J. — Heart (left v. atflrjt,-). pj/.t* the le.arh'ed f>f r,Tie>R“ fr“s(i-rjxl tfir'i-r 

out th« mye-.'ordl'JEn. 

yif ». stitral rrift!-'’-.. .'tot' !}.<• of U.t* e.rJCfx -afw.*; ky • t . 

rial tn lhe''n!y>>-ar!jhim in t};- ft shin of ft.'- mstmi ring. 

Pie*. 3 en.J f. — X'l'-’d' pSeSurr? 'f it'*- Tfote the ^ 

oJfSeetK^ XIIC. .'ft-ie ti.' t.rahniraist ", 'ntfi.eearp m s-it t'.- rr-eT.'>f i- * 

nn. tf tiie mr£»:ariU"-;i. tf<r,-t-efr*,->t»iTynr-f--y:n 'J; LS';/ rf"-* t? ' 

VSV". kIu the Eb'-r.'e rf rnc' ?<* fd-“f* fn tS.<- Mes.mf*' 'f tt<- « '.(''.3- ». -*’» * 
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fourth intercostal space;-. After the patient was diRitaUred, a roar;!) pre,-\<tnh^ c--- 
became audible at the apex. The puKo was regular but small in^ohime. IT,- fLl..,- 
diagnosib was rheumatic heart di.sea.'e with mitral stenosis. 

The electrocardiographic interpretation was. “Sinus rluthin, with complete A V 1! ^ 
The idioventricular rhythm arises below the bifurcation of the A-V herf' '■ 

(Pig. 7.) The x-ray examination shoved the heart to be marLcdly eahrsjed ImSl 
left and right. The lung fields showed a marked degree of'pulnionary congo'-tion at"! !' -►> 
vas a small amount of pleural fluid in (he right base. The x-rav di!ign!>‘>i« n!i<», “Cr.r!'** 
enlargement, probably combined mitral pathologj'.' ’ 
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1 



Anr*— 



Fir, 7. — Electrocardfovruin .showmu I, If, nni! HI nn'I I, a'Jn < Ij '• - ; 

CEi- Tl»*' aurlciilfir r.itr, tlf.irly xm In CIA. !•- at: Uw >.t utrlt id ir mu - t*. 
riiythnm nr>' nRtilar: (tie varyinr f’*K <tl“tnnef. mdioi'.i-*! f imn’eu A*V y*'"'-'-, , 
cofnpKx prolnn^cfl, nn T^iirfnr’ Kl* ^ jfitJi* ^ orir»n of *» 

pacetmUcr bt-lov.- tin- Idfiirentlon of (tie remnion bmntli'. 


Repeated blood culture- v, ere .'-terib*. The urinary findii’g* wore not nboortns!. L 
red blood count was djPfio.OOO; the Ju nmgJobin determination, b.'. {,er tent; tic boe-i',. 
count, lijObn, There were TtT polymorpl 'inudrar leupncytert, hb hmphnrM,-. t.* d A f"** 
evte?. The Was^ermann and Kahn renelion*- were r.*g;i(!\e. 

Tl’C patient died rather unexpee;. <Jh five w»e}. j after .adnii- ion t'> tl'* in-j.t"' 

At niitonsv ranrked ode;j<:t was found ir, l^ith lowr r extr* ni-.iioo. 1 i »• {" r.to! • ^5 ** - -j 
contained l.bW c.c. of eb'ar “irt.v. rolorvd f.uid, !>,( h i teuml c-.-.jsv r.,j,t-sbed eh > ' 
c.e. of the .«aree rorS of liutd, Wit? in l'<e periestsulud ‘■rc, ey. t,f r. i • . - ^ 

found. The -- rou- s-urfrc’' ti-rriugho-u v.ere -mn-.tl rr i yit-iteru nfei f're v-u 

aditr-'io:i«. . 

Ti f ! ‘'art v-i " mark,- U% i niar.y-l, w. igl iry e'-i grt t.-. U a c' ^ • •A’' 
w( ich v-crc of #t< r.v bard « -lu •*', :.ev wic p-lpiM- t!.u,’.g.‘ w.'t m,;: r-v’ * ‘ 
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calciHc masses could not be cut Trith the knife or scissors, and .it had to be opened by 
means of a hand saw. The valvular apparatus was intact. However, the orifice of the 
mitral valve was distinctly narrowed by calcific masses which were present in the adjacent 
myocardium and had severely compressed the mitral orifice which barely permitted the 
introduction of one finger (Fig. 2). The tricuspid valve measured 8 cm. in circumference, 
the pulmonic, 6 cm., the mitral, 3 cm., and the aortic, 5 cm., respectively. Wlien the myo- 
cardium was examined, it was noted that the left ventricle was almost completely rigid 
with only isolated portions of relatively normal myocardium. It was difficult to under- 
stand how such severely calcified muscle could maintain the function of the heart. The 
mouths of both coronary arteries were patent. The coronary arteries themselves showed no 
change. The right ventricle measured 0.5 cm. in tliickness; the left measured 1.4 centimeters. 

The examination of the remaining organs disclosed a very severe clironic passive 
hj’peremia and terminal bronchopneumonia. 

Histologic examination of sections of the myocardium stained with hematoxylin and 
eosin showed many areas of Ijunphocytic infiltration in the interstitial tissue, much fibrosis, 
and large areas consisting of amorphous, bluish material (Figs. 5 and 6). This stained 
black by the von Kossa method. In many fields, in addition to the bluish amoi^phous ma- 
terial, unmistakable ossification was noted. 

In summary, an ll-year-old child, with severe respiratory difficulties, died as a result 
of severe calcification of the myocardium. 

COMMENT 

It is usually stated (Karsner^) that pathologic calcification may be di- 
vided into dystrophic and metastatic forms. In dystrophic calcification, cal- 
cium is deposited in tissues and cells which are the seat of disease. Thus, foci 
of dense fibrosis, especially if hyalinized, and necrotic masses may become in- 
filtrated Muth calcium. Dystrophic calcification often attains sufficient size to 
be seen grossly, as for example, in the wall of the aorta. Metastatic calcifica- 
tion differs from the dystrophic form in that there is no clearly identified tissue 
injury as a precursor and in that calcium is mobilized from its natural depots. 
The calcification occurs in the veins, capillaries and alveolar septa of the lungs, 
in the endocardium of the left side of the heart, in the tunica propria of the 
acid-secreting parts of the mucosa of the stomach, and in tubules and con- 
nective tissue of the kidneys, as well as in other situations. IMaeCallum^ stated 
that it is questionable whether calcium is ever deposited in the bodies of living 
active cells, and that one gains the impression that its deposit always occurs 
in hyaline, inert, interstitial substance, or in dead cells. 

Because of the fact that the myocardium was the only region in the body 
where calcification was present, it seems unlikely that this is an instance of 
metastatic calcification. It is more likely that the severe myocardial calcifi- 
cation is dj'strophie in nature. It seems likely that the calcification was pre- - 
ceded by degenerative and necrotizing lesions in the myocardium. 

Among the diseases causing such lesions, diphtheria occupies a prominent 
place. Geelen® stated that the toxin of the Corynehacterium diphtherias may 
produce parenchymatous degeneration and at times even calcification of the 
myocardium. In one instance of diphtheria he observed partial calcification 
of the fibers of the right bundle branch and also calcification 5vithin the myo- 
cardium. Kratzeisen' observed at autopsy the heart of a patient who died as 
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a result of diphtheria. A deposition of calcium ivas seen •svitldrj the ^ 
muscle fibers. 

Also interesting in this respect are the experiments of Albrecht® vdio smi 
ingly succeeded in producing calcification of heart muscle fibei-s in rabbits k 
the infection of Hacmophibis influenzae. A case of massive calcificnlion of Ik 
myocardium of the type reported by Brown and Evans* is apparently of .s 
different nature since degenerative changes in the heart of this patient wire 
the result of coronary arteriosclerosis with massive calcification. 

Although it was impossible to elicit a definite etiological agciit for 
erative lesions in the myocardium, Avhieh presumably had preceded the im!- 
cification of the myocardium, it seems most likely that the patient had eithtr 
diphtheria or an infection brought about by Haemophilus influenzae, siiiv 
these are the two diseases which more commonly produce degcnerntioti fj!'! 
even necrotizing lesions in the myocardium. 


SUMMARY 

An instance of massive calcification with bone formation in the iiiyoc.nr- 
dium of an ll-y’car-old boy is i-eported. No definite etiology for this dbefl'."' 
is manifest, but it seems that cither diphthci-ia or infection with IfaemophiUn 
influenzae had produced degenerative changes and necrotizing Ic.sion.s of tlu' 
heart muscle with secondary ealcifieatioJi. The heart was the only orRuu in 
the body' which shoM’cd calcification. 
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MULTIPLE DISTURB ANCBS OP RHYTHM AND CONDUCTION AND 
UNUSUAL AURICULAR T WAVE IN A CASE OP 
MYOCARDIAL INFARCTION 

Ralph Miller, M.D., ai«> Julius S. PERELMAjir, M.D. 

Newark, N. J. 

R ecent experimental and clinical reports have stimulated interest in the 
possibility of making the diagnosis of anricnlar infarction by means of the 
electrocardiogram.^'^ The presence of auricular infarction is suggested by dis- 
turbances of the auricular mechanism, and by abnormalities in the contour of the 
auricular complex. The following auricular arrhythmias are encountered: 
auricular fibrillation, flutter, premature contractions and paroxysmal tachy- 
cardia, sinus arrest, wandering pacemaker, and A-V nodal rhythm. Changes 
involving both the initial and final auricular deflections occur, which are 
analogous to the evolution of the QRS-T changes which result from infarction 
of the ventricles. Thus, an auricular Q or S wave may appear, the P wave may 
be inverted, broadened, increased or diminished in amplitude, notched or slurred, 
or M- or W-shaped complexes may develop. The auricular S-T segment (P-Q or 
P-Ta segment) may deviate abnormally, and abnormal auricular T waves may 
be seen. 

The potential differences set up by the final phase of auricular activity are 
most often so minute as to fail to register in the electrocardiogram. Further- 
more, since the total duration of auricular electrical systole exceeds the normal 
P-R interval, the late deflections are buried in the following QRS complex. In 
experimental studies the A-V conduction system is blocked mechanically before 
auricular infarction is produced so that the entire cycle of electrical activity in 
the auricles is recorded. Since in man the coincidence of auricular infarction 
ivith prolonged A-V conduction is rare, little clinical data concerning ab- 
normalities of the final auricular deflection have been accumulated. 

It was thought worth while, therefore, to report the folloiving ease in 
which, after an attack of coronary occlusion, multiple disturbances of rhythm 
and conduction and an unusual auricular T-wave pattern developed. 

CASE report 

J. G., a 52-year-old Italian man, was admitted to tlio Cardiac Clinic on May 5, 1943, 
complaining of shortness of breath and edema of the legs. He was a bartender by occupation 
and had been a heavy drinker most of his life. He admitted to having had two attacks of 
gonorrhea but denied syplulitic infection. His wife was a known syphilitic, but repeated 
examinations in the past had not established the presence of sypliilis in the patient. He had ' 
considered himself well until July, 1940, when he experienced an attack of substemal pain 
radiating to the left shoulder. This was followed shortly by severe dyspnea and cough, and 

Prom tine Cardiac Clinic of the Newark, N. J., Health Department 
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later by .';len'.;v of tlio legp. Ibsnntr tb'' r.oxt three years he was arhaitted io ^nriou' hv^v.iU.U 
on fji-e oeeri'-ions for the treatment of couKCPtivc heurt failure. Betv.-eon bouts of failure !<■ 
im<l bf-ea nWc to contimjo work. Eieetro.-'snlioprams which were taken durinn thi? tis;-; ta 
ten ocenslorss .‘'liowed nnricular Hulter vrith vtvryin" deRrer® of in.-ote.piete A-V blo-k nr,? 
right bundle brnneh bloclc. 

The e.^sential physiml findings on ndmifsion to the ciline were a® follov.s: Ihspn-’n. 
orthopnea, and cyanosis were evident. The neck veins were distended. The pul-** npp.'we? 
regular, with a rate of CO per minatc. Blood pres.sare was ddo/SO, The he:irt a;'.® enlarged 
to the left. No thrill? or abnorrnrd pulsations were elicited. The rhythm was appareaiK 
regular. The first .«ound was split at the apex, and a faint systolic nmmitir w.-e* andil'. 
in this area. The liver edge wa.® [mlpnble h. fingorbreadths below the right cO“t),! misrgia. 
Thf' spleen was not palpable. There wrss n(» demimstrable nseite«. Tin* lower ex! remit ji'® v.,-:.. 
markedly edematous. 

.\n >;-rny film of the clie.st revetiled .an old fibrous infiltration of tlit* left npj«’r lob*', Ti 
heart wn.s enlarged, ehiefly to the left, and (here vvns passive congestion of the Inng 
Kieetrocardiogram on admission sliowed nurienlnr llutter with four-tO'tme A-V block, tight 
bundle branch bkiek, premature venirieulnr contract ions, tind venirieiilnr e«capi' beats. Ti- 
urine .showed oceasional albumin and .shower.? of hyaline and granular cjisfs. The blm«! 
and blond chemistry were withiti norinnl limits. The blood NVassormann re.nction v.re- ricgativc, 

Tlie diagnosis on ndtnission was (a) aiterioselerotic heart direase; (b) hyperirfiph^ 
and dilation, eoronniy selenwis, myocardial inftirction; (e) anri'-tdar tlutrer, right 
bntneh block, prenmtnte veiitrietilnr beats, venlfieiilar escape beats, cardiac !n“!jf!leb'[,c_v ; 
and fd) Cla.«P IV, 

CVfnsVo? Court .!'. — The patient wtts digitalized tind placed on a regiti,*' of htnited thie’ 
intake, stdl-freo diet, anim.onium chloride, and Mejcuptirin, On .Inly Ifi, li'l.'t, comfdetc A-V 
Mock with auricidar llutter itnd .“horf paroxt-sms of ventrirular tachycardia were nofed, Thb 
wn« considered an indication to withdraw digitalis. Five weeks later, auricular fibrilhatlcn 
appeared and iligitali.s therajiy wa.s resume*!. On Xov. d, Ifit.'t, while the jiaticnt was '■til! 
on a full maintenance dosage of digitalis, norma! sinus rhythm was re.-torf'l, Ooitici(!'-r!t.'‘-**h'* 
there was marked clinical improvemcnl, nml nside from dy.'pnea on excrtitrn, all mardft.'.''trd'.er! 
(if cKtigcstiM* failure disappeared. f>u Fob. 12, 121!, while wanting on the Jireet, Is*' suddctli 
•ro!!ap~i'd; h*® ilied shortly nftr-r ndmis's-ion to the hospital. Fnfortunately. n pns't'ttc-rt''’ ■ 
esntiiinntion was not perforne'd. 


,tx.\(.Yst.^ fp Ki.f.rntiHwrtDnnm.NStr; 

Kift'inteardiotrr.'jms were (dtlaiiiod oji iv.elvc oeeJt^ioiis. Hotitnie budittf- 
will h<:* sittnntaH/ted iti this; si'olton wltilo tiniistial fealiivos wi!! ho di'c’itsN'd >'• 
dlottiii. 

Mmj :l<i, (Kig. 1, ,-l t ; Attriouiar Ihtlli r with foiirdo-oti*- .\~V M'e'.- 

WPS 5 >ro'^<‘t)t. Th': !itirii:ti!:tr rate was .''.ppruxintriU-ly per rriittiifo, aii*! flo' 
vcnlriottlnr riito was aS per trunuto. The nuftr-i- waves weir- uf hjtv lb'" 

ORS' inforv.-i! itsf’.'jstm’d 0.1-1 seoosol artd thoro was fitfht htutfiJe hraiwf- Itfii.-l' 
Oee.-f'sie.tir!! pretnatur*' \< ’itrietilnr lo-als nto! vciil rietihsr fseafto hoak: were .*<>•!: 


Juf.f /k/o (Ft". I. ; I’iiKlirtg.s vu-tv oss'ontJttHy the 


.Hat id’ 


A 


rHi-Ha! It.vL v.’hioii was taltejj vcith the explifiittg el'cfnt'le p!f!ce(] ever uw 
right ittlf ri'its'nl ?ip:’.e»'% tletnotiMraO tl flutter waws e.-uicJtPdVi-jy, 

-Jtdy jpf.i.- Ata-i-uL-a* flutter wtis* .s*tH pro.'-!!* with ‘.aryt.ny M""' 
aJul ibk;nr<;lt* rs* cvutipk-te A-V I v*.'ss of partiettlar ?r,'ter>--A (I h*. - j- 

Anr.h'ular iltittor w;-> pr>"-ot;t at n tale «*f ah'otf 222 ]tcr itnwc^- In*- 
s'or.t rv'Uiar ivTisfilex ‘.v.-.-i itolioati’, «• fight hutoil!' hraJ.rlj ii|o."k. Tin' r.*'* 
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five ventricular beats were of the left bundle branch block type. They occurred 
in a perfectly regular rhytlun, with an E-B, interval of 1.52 seconds, and with 
dissociation from the auricular rhytlmi, indicating complete A-V block. The 
bundle branch block then shifted again to the right side, and there was a sequence 
of three ventricular beats of this tjqie. . The change from right to left bundle 
branch block occurred after a long pause of 1.66 seconds duration, while the 
sliift from left to right bundle branch block occurred after an interval which 


I. 


II. 


III. 


CPi. 


Fig. 1. — A, May 20, 1943. Auricular flutter, four-to-one A-V block, right bundle branch 
block, premature ventricular contractions, and idioventricular escape beats. B, June 3, 1943. 
Precordial lead, with exploring electrode over third right intercostal space. Flutter waves 
are shown more distinctly. 

was shorter than that between idioventricular beats, that is, 1.32 seconds. The 
QES complexes of the right bundle branch block type were assiuned to have 
been in response to an auricular impulse. This tjqie of complex was seen in- 
variably wlicii either auricular fiutter, auricular fibrillation or normal sinus 
rhythm was present mthout complete A-V block (Pigs. 1, 3, 4, and 6). On 
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me other hand, complexes of the left bundle branch block typo Mere encounter.] 
Mhen complete A-\ block was present, either Mith anriciilnr flutler or norrnj«l 
sinus rhythm (Figs, 2 and 5). This suggests that the idioventricular pacemaVrr 
under the latter circumstances Avas situated in the right bundle bnmcli khv 
the area of block in tins bundle. An alternate explanation would he that durins 



nj*let< A-V hh/f'k tht- Idiowj.-t? ifular pnt‘< maker mit'lu aho 

urcation o: the bnudl*”i. Tlo- imptil'-f- might then tfk* 
th'Aay 'Ahicis ^‘.nnld allow it to ji'ss-i through the mra of hl^-l 
ndle bianeh. In "^nr^j'ort of thii hypofh' im. wdon an fippnr* 


t' )• ' 

I. ‘<hchlly diior* .t 
in th‘ rh’ht 
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rhythm was present (Fig. 6), the ventricular complexes were of the left bundle 
branch block type. The last three beats of Fig. 2 were ventricular pre- 
mature beats, constituting in effect a short paroxysm of ventricular tachycardia. 
The QRS interval of these beats was shorter than the normal, and, therefore, 
they probably originated in the region of the interventricular septum. 

July, 22, 1948: Auricular flutter, four-to-one block, A-V and right bundle 
Ijranch block were present. 

July 29, 1943: There was no change. 

Aug. 26, 1943: Auricular fibrillation and right bundle branch block were 
present (Fig. 3). 



j’ig. 3 . — AuE. 26, 1943. Auricular fibrillation and right bundle branch block. 


Nov. 4, 1943: The strips sho\vn in Fig. 4 were selected from long tracings 
which were taken on this occasion. The auricular eomiilexes ivere remarkable 
for the prominence of the auricular T waves. The P wave was upright in all 
leads. The auricular T wave was upright to slightly diphasic in Lead I, inverted 
in Leads II and III, and upright in Lead CF^. In Lead III the auricular T 
wave was more prominent than the P wave. There was no displacement of the 
auricular S-T segment in the standard leads. It appeared slightly depressed, 
however, in Lead CFi. The dominant rhythm was of normal sinus origin. In 
the accompanying figure, in Leads Ic, II, and CFi there was delayed A-V 
conduction, with a P-E interval of about 0.44 second. Eight bundle branch block 
Avas present. Lead I, strip h, showed incomplete A-V block with the Wenckebach 
phenomenon. The first complex after the dropped beat was a more nearly 
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Fig. 6. Nov. 23, 1943. Lead I. Regular sinus rhythm and rlRht bundle branch block. Carotid sinus stimulation followed by A-V nodal 

rhythm with QRS complexes ot left bundle branch block type. 
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normal ventricular complex than the others in the record. It indicated improved 
intraventricular conduction following the long pause due to the dropped beat.^ 
Lead I, strip c, showed a short interlude of A-V dissociation Avith idioventricu- 
lar escape beats. Lead III was of exceptional interest. During the first nine 
QRS complexes A-V nodal rhjd^hm was present. The first two nodal beats were 
coupled with ventricular premature contractions which were interpolated. 
Eetrograde P waves were seen clearly following the fourth, fifth, and sixth 
ventricular complexes after a delayed retrograde conduction time. When the 
sinus nodal pacemaker resumed command, the QRS complexes changed direc- 
tion, indicating a change in intraventricular conduction. 

Nov. 16, 1943: Regular sinus rhythm, first degree heart block, and right 
bundle branch block were present. 

Nov. 18, 1943: Regular sinus rhythm, first degree A-V block, right bundle 
branch block, and premature ventricular contractions were present. 

Nov. 23, 1943: There were present complete A-V block and left bundle 
branch block (Pig. 5, Lead I). Normal sinus rhythm and right bundle branch 
block appeared (Fig. 6, Lead I). After carotid sinus stimulation A-V nodal 
rhythm occurred, with ventricular responses of the left bundle branch block type. 

Jan. 2, 1944: Regular sinus rhythm, first degree A-V block, and right 
bundle branch block were present. On this occasion multiple precordial leads 
were obtained. The auricular T wave became more prominent and upright in 
passing from the riglit to the left side of the heart. 

Jan. 22, 1944: Regular sinus rhytlun, first degree A-V block, and right 
bundle branch block were present. The A-V conduction time was only slightly ' 
shortened after intravenous administration of atropine sulfate (0.0012 mg.). 

- DISCUSSION 

Following an attack of coronary occlusion this patient developed multiple 
disturbances of rhythm and conduction and an unusual auricular T-wave pat- 
tern. These features suggested the probability that infarction of the auricular 
myocardium had taken place. The following auricular mechanisms were re- 
corded : Normal sinus rhythm, auricular flutter, auricular fibrillation, and A-V 
nodal rhythm. In addition there were premature ventricular contractions, 
paroxysmal ventricular tachycardia, and idioventricular escape beats. The 
conduction disturbances included first, second, and third degree A-V block 
and right and left bundle branch block. Certain aspects of these ar- 
rhythmias warrant special comment. The auricular flutter, persisted for 
three years. It was not converted to fibrillation by digitalis, but after dis- 
continuance of digitalis, conversion to fibrillation took place spontaneously. The 
combination of auricular flutter, and complete A-V heart block is, in itself, a 
rarity. Gray and Greenfield® in a recent review of the literature found only 31 
reported cases and added one of their own. An unusual feature in our case 
was the presence of left bundle branch block during complete A-V block, and 
the shift to right bundle branch block when complete A-V block was not present. 
Fig. 4 was of interest because of the variety of forms of heart block encountered 
during one examination. Also of interest was the presence of nodal rhythm with 
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coupled preiuature ventricular systoles, an unusual fonn of bigeminy, and the 
presence of retrograde conduction of tlie impulse, with marked lengthening of 
the RP intenml. Tlic delayed A-V conduction was organic in origin. It did not 
disappear when digitalis was withdrawn, and it was not abolished by intravenous 
atropine sulfate. The carotid sinus was hypersensitive. Pressure on the right 
carotid sinus regularly produced A-V nodal rhythm, while left carotid pres- 
sure produced complete A-V block. 

Probably the most interesting feature of this case was the unusually prom- 
inent auricular T wave. In Lead I this wave was upright to diphasic, vdth the 
upright deflection most prominent, and followed an upright P wave. In Leads 
II and III the auricular T wave was inverted. In the preeordial leads the 
auricular T wave was upright. It was a fortunate coincidence that the P-R inter- 
val was lengthened so th.'it the complete cycle of auricular aetivitj' was visible. 

CONCLUSIONS 

1. Following an attack of coronarj’ occlusion multiple disturbances of 
rhythm and conduction and an unusual auricular T-wavc pattern were seen. 

2. These changes suggested that infarction of the auricular myocardium 
had occurred. 
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TRANSIENT BUNDLE BRANCH BLOCK ASSOCIATED 
WITH TACHYCARDIA 

Lieutenant Herbert Eichert, M.C., USNR 

B undle branch block, once established, tends to remain permanent. The 
exceptions, in which the block is temporary, have been described as inter- 
mittent, paroxysmal, or transient bundle branch bloek,^' and a number of 
reviews of collected eases have been published. In most of the reported cases, 
the block occurred or persisted fortuitously and was not rigidly influenced by 
procedures carried out by the investigator. In a few instances, however, the 
observers noted that the block was affected by alterations of the cardiac rate. 
Such cases, in which the bundle branch block occurs only when the cardiac 
rate is rapid, are extremely rare. The ease herein presented is an example 
of such a phenomenon. Comeau, Hamilton, and White,"^ who reviewed the 
largest series of cases of transient bimdle branch block, stated that in the 
“routine records of their cases there was no constant correlation between 
cardiac rate and the degree of intraventricular conduction. ’ 

Although bundle branch block, either transient or constant, is usually 
accompanied by other evidence of cardiovascular disease, the case of transient 
bundle branch l3lock which will be presented is distinguished by the absence 
of other demonstrable cardiovascular abnormalities. 


CASE HISTORY 


E. P. W., a 29-year-old man, was liospitalized because of palpitation on exertion. 
During childhood he had a moderate iiumber of "colds” and sore throats. His general 
health was otheradse always good and he does not recall having had any serious illnesses. 
There was no history of rheumatic fever, chorea, scarlet fever, diphtheria, or typhoid fever. 
Prior to entering the Navy in March/ 1944, he was a foreman in a felt hat factor^’. Since 
tliis date he. has been occupied principally as mess cook and stevedore in a Naval Con- 
struction BattalioS. He smoked fifteen cigarettes and drank two cups of coffee daily. 
He did not use alcohol. His wife, his three children, his father, and one brother are living 
and well. His mother is said to be nervous and to suffer from sick headaches, fainting 
spells, and heart trouble. One sister is said to have died of tuberculosis of the spine, and 
one brother "has ‘ ‘ leakage of the heart. ’ ’ 

Three years before admission to the hospital he noticed that severe physical exertion 
sometimes caused his heart to palpitate. At first tliis sjauptom rarely appeared but later such 
attacks of palpitation after exercise or violent excitement came more frequently' and fended 
to last longer. Later still these attacks were accompanied by an aching feeling in the 
precordium. He became dizzy' during the attacks, but never fainted. 

At the time of his admission into the Navy in March, 1944, his resting pulse rate was 
recorded as 76 per minute. Two minutes after exercise the rate was recorded as 88 per 
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minute. His blood pre.ssure ivas 150/GO, It was also recorded at that time that he had i 
functional heart murmur with a mild neurocirculatory disturbance. 

During the previous year, and particularly during the previous three or four months 
those attacks ■were both prolonged and severe because his work as a stevedore compelled 
him to do much heavy lifting. When ho did not work hard he had few attacks. Invariably 
however, after lying down and resting for five or ten minutes, the unpleasant sensations 
would gradually disappear as his heart slowed. 

A review of the symptoms revealed that he had infrequent attacks of bilateral supra- 
orbital headaches witliout nausea or vomiting. He al.'o complained of intermittent mild 
vague aches of the muscles. At times he experienced mild digestive disturbances such as 
abdominal distention and an uncomfortable feeling after eating; but these symptoms were 
never persistent or severe. 



Fig-, 1. — ^R. F. W., aged 29 years. Control (average rate 104 per minute) and bundle branch 
block following exercise (average rate about 135 per minute). 

He was seen in consultation as an outpatient on Jan. 3, 1945. As he performed the 
Master two-step test, 2 it was observed that when his heart rate was rapid, a bundle branch 
block developed (Fig. 1); after he had rested for two minutes, this abnormality disappeared. 

He was admitted to this hospital for observmtion on Jan. 8, 1945. He was of the 
asthenic type, being 69 inches in height and weighing 135 pounds. The resting blood pres- 
sure was 120/70. The resting pulse rate was 84 per minute and the respiratory rate was 
22 per minute. The temperature was normal. He appeared to be somewhat anxious and 
ill at ease. His hands felt cold and he perspired moderately in the axillae. The exami- 
nation of the eyes, including the eye grounds, revealed nothing significant. Small tonsillar 
tabs were present. His oral hygiene was poor. Several teeth were broken off at the 
gingival margins and others were carious. 






EICHERT: TRANSIENT BUNDLE BRANCH BLOCK AND TACHYCARDIA 513 


The heart was not enlarged. No murmurs were heard and no abnormal accentuation 
or reduplication of cardiac sounds was noted; the heart rate and rhythm were normal. 
The veins were not engorged and there was no thickening of the peripheral arteries. 
Fluoroscopic examination of the heart indicated it to be normal in size^ position, and con- 
tour. An x-ray of the chest showed no abnormalities (Fig. 3). 

The blood Kahn was negative. The red blood count was 5,240,000 per cubic milli- 
meter; hemoglobin, 14 Gm.;- white blood count, 8,000 per cubic millimeter with a normal 
differential. The sedimentation rate was 11 mm. in one hour. The serum calcium determi- 
nation was 10.7 mg. per cent and the blood nonprotein nitrogen was 27 mg. per cent. The 
concentration and dilution tests showed a range of 1.001 to 1.026 in the specific gravity 
of the urine. Stool studies were negative for enteric pathogens, ova, and parasites. 



Fie. 2. — ^R. P. W., aged 29 years. Intermittent bundle branch block (Lead 11). (J), 

Reversion to normal conduction when rate slowed following exercise. (2), After inhalation of 
amyl nitrite; interval between (2a) and (2b) about thirty seconds. (Sa), Control: (Sb). 
after 1/100 grain of atropine intravenously, (^a) Prostigmine followed by (.lb) exercise 
block did not develop. 


Observations and Hospital Course.— Electrocardiograms taken before and after exercise 
showed that this patient had a normal intraventricular conduction time when the cardiac 
rate was relatively slow, but that he always developed bundle branch block when the rate 
increased above a critical level. The transition was invariably abrupt and the cycle mark- 
ing the transition was of the same duration as the cycles preceding and following it. 

By the use of the electrocardiograph and, later, the cardioscope it was found that the 
patient’s subjective feeling of palpitation was usually a reliable indication of the presence 
of the bundle branch block. Although attacks of palpitation, and presumably block oc- 
curred spontaneously, rarely was an electrocardiogram obtained during such spontaneous 
attacks. We therefore used various procedures to alter the heart rate so that the effect 
on the block of changes in rate could be studied. 

Fig. 1' shows the appearance of block after the heart rate was increased by exercise. 

Pig. 2 is a series of tracings all made on Lead H, which illustrate the effect of varia- 
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tion in ra(o induced in Bovcral ways. Fig. 2, (J), is n portion of tracing showing the 
transition from bundle branch block to normal conduction. The transition occurred as the 
heart late was .slowing following exercise. Pig. 2, (Sa) and (2V), shons bundle branch 
block appearing after the inhalation of amyl nitrite. This Iracing'was a continuous one; 
a segment of- thirty seconds’ duration, between {Sa) and {SI)), was removed to facilitate 
illustration. Tracings {Sa) and (Sli) shown in Pig. 2 were taken before and after the 
intravenous injection of of atropine sulfate. This dose of atropine was not 

large enougli to induce the block. The block appeared only after the patient assumed the 
upright position and hopped several limes. Pig. 2, (^fa), shows the effect of prostigmine. 
In this study the patient was given 1 c.c. of jirostigmine methylsulfatc 1:2,000 intramns 
cularly and was then cxerci‘-cd violently. Although ho became dyspneic, his pulse rate did 
not incrca.se markedly and bundle branch block did not develop. 



Fie. 3 . 


Reverul similai casesL 3 have been reported in winch either caiotid sinus pressure or 
oxygen inhalation reduced the heart rate and caused bundle branch block to disappear. 
Since rapid heart rates could be maintained in this patient only under artificial conditions 
it was decided to attempt to maintain a high into bj" atropine administration and thenJo 
observe the effects of oxygon and of carotid sinus pressure upon the block. Atropine sul 
fate, ^5o grain, administered intravenously, increased the rate to a point where the block 
occurred transiently, but it could not be maintained. Howmver, when the patient stood 
erect, the rate rose to 136 pei minute and the block appealed and persisted. He was then 
given 100 per cent oxygen inhalation for five minutes. There wms neither marked slowing 
of the late nor alteration in the degree of block. The application of carotid sinus pressure 
first on one side, then on the other, and finally bilateially, w’as likewise ineffective in alter 
ing cither the rate or the contour of the complexes. 
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Table I shows the observed variations in rate and the appearance of block under 
various conditions. Table II is a summarj' of all the observed variations in rates under 
different experimental conditions and of the rates at which bundle branch block was 
observed. The rate of 118 per minute, the average rate at which the transition from 
normal conduction to bundle branch block occurred, is the approximate critical rate.” 
It shoiild be noted that occasionally a rate higher than the “cortical rate” was necessary 
to induce the block. Also, the rate sometimes went' below the critical level before the 
block disappeared. 

During the time spent in the hospital, the patient led a quiet existence devoid of 
strenuous physical activity. His attacks of palpitation became less frequent, and, at the 
time of his evacuation to a mainland hospital, he was feeling relatively well. 


TaBLK I. lUVRIATIONS IN EaTE AND De\’ELOPMENT OF BUNDLE BRANCH BLOCK 

Under Various Experimental Procedures 



0.08 SEC. 

0.16 SEC. 

procedure 

MIN.-MAX. 

MIN.-MAX. 

Resting 

83-100 

107-115 

Immediately after exercise 

Two minutes after 2-step exercise 

83- 85 

107-126 

Atropine sulfate, %oo grain intravenously 

Atropine, grain and light exercise 

107-110 

107-146 

Atropine, %oo grain patient standing 

Atropine, %oo grain patient bending over 

92- 9li 

135-148 

Amyl nitrite inhalation 

98-130 

107-136 

Carotid sinus pressure bilateral, patient reclining 

84- 86 


Adrenalin, 1 c.c. intramuscularly 

90-112 

‘ 


Table EL. 


VARIATIONS IN RATES UNDER 
ALL CONDITIONS - SUMMATION 



DISCUSSION 

The lability of the cardiac conduction mechanism in this case offered an 
unusual opportunity to observe the function of the heart during periods of 
normal and prolonged intraventricular conduction time. Such observations 
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have a possible bearing on the existing concepts of the etiology and mechanism 
of bundle branch block. 

The preponderant opinion concerning the etiology of bundle branch block 
is expressed in the literature by the statements that “bundle branch block is 
a inanife.slation of advanced cardiovascular disease” and that the “electro- 
cardiographic changes must be attributed to anoxemia of the conducting tis- 
sues.”* In most of the cases of bundle branch block in which the etiological 
factors could be established, the patients were found to have hypertensive or 
arteriosclerotic coronary artery disease.^ In such cases it is believed that 
an arteriosclerotic narrowing of a coronary artery branch suppijingthe bundle 
results in anoxia, with eventual fibrosis. .As one would expect, most persons 
wdio have bundle branch block are in the higher age groups. The youngest 
case in the series reported by Comeau and his co-workers* w'as found in a 
patient 38 years of age. 

The subject of this report experienced his first symptoms at 26 years of 
age. Our investigations revealed none of the usual stigmata of hypertensive 
or arteriosclerotic cardiovascular disease. All blood pressure readings as well 
as the renal function tests Avere w'ithin normal limits. There Avas no CA'idenee 
of the existence of cardiac insufficiency or failure. In spite of the develop- 
ment of bundle branch block during the test, the exercise tolerance Avas good. 
Observation of the fundal ve.ssel.s and palpation of the peripheral A^essels 
sliOAA'cd the arteries to be normal. 

In one of the eases cited-’ the administration of oxygen during a period 
of bundle branch block caused the QRS to rcAmrt to normal. This response to 
'oxygen therapy Avas considered to support the concept that the block was 
caused by anoxia of the bundle. Administration of oxygen to our patient 
during a pci’iod of bundle branch block had no observable effect. In several 
other cases cited in substantiation of the anoxic theory of bundle branch block, 
the inhalation of amyl nitrite caused the block to disappear. In our case the 
inhalation of amyl nitrite inA'ariably brought about bundle branch block when- 
ever the “critical rate” AA’as exceeded. 

Other diseases have been mentioned as etiological factors in the occurrence 
of bundle branch block. These include chronic rheumatic heart diseases and 
acute infections, neither of AAffiich could be demonstrated in our patient. 

Vagal influences are knoAAUi to produce varying degrees of block of the 
S-A or A-V node. Stimulation of A'agus reflexes by carotid sinus pressure had 
no apparent effect on cardiac conduction in this subject. On the contrary, 
increase in vagal tone brought about by the administration of prostigmine 
prcAmnted the development of block by its depressant effect on the cardiac rate. 

Congenital defects of the conduction system have been mentioned as pos- 
sible causes of similar abnormalities. None of the features of this case enabled 
us to establish this possibility. 

A ease cited by Graybiel and his eo-Avorkers® had more features in com- 
mon Avith this case than any other case revieAved. Their patient, a 24-year-old 
“healthy” aviator, developed transient bundle branch block as a result of a 
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fright stimulus. The firing of a pistol close to him caused the block to de- 
velop ; it persisted for about two days. From their observations in that case 
and in others among young men in whom the QSS duration was abnormally 
prolonged, the authors suggested that “possibly all the disturbances of intra- 
ventricular conduction need not be explained on an anatomic basis. ’ ’ 

Many controversial theories have recently been offered to explain the 
mechanism of bundle branch block. During the- investigation of our case, we 
were able to test the validity of some of these theories by determining whether 
or not they conformed to the conditions that follow. We obtained many 
graphic records of the transition between normal conduction and bundle branch 
block. The following characteristics were repeatedly recorded: (1) Bundle 
branch block always occurred when the cardiac rate exceeded a certain level, 
and the duration of the QRS complex always became normal when the rate 
decreased to normal levels. (2) Any stimulus which caused the rate to in- 
crease sufficiently produced the block. (3) The transition always occurred 
abruptly : the cycle in which the first bundle branch block complex appeared 
approximated the lengths of the cycles occurring immediately before and after 
the transition cycle. (4) The increase or decrease in the QRS duration was 
not gradual, but occurred instantly during the transition cycle. (5) There 
was an immediate reversal of axis deviation at the time the block occurred. 
(6) During the period of observation, the block showed no tendency to be- 
come permanent. 

Comeau and his co-workers^ explain the abrupt changes of the QRS com- 
plexes in transient bundle branch block by assuming that conduction in the 
bundle is not completely blocked but simply depressed. Under such condi- 
tions, an increase in the frequency of the impulses transmitted results in an 
increase in the degree of conduction depression, until at the critical level an 
impulse traveling the roundabout way through the intact side and the myo- 
cardium reaches the affected ventricle before the impulse descending through 
the depressed branch is able to do so. The slow impulse reaches the ventricle 
too late to participate in its activation and is as ineffective as an impulse 
which is completely blocked. Thus small changes “such as an increase or 
decrease in diastolic rest due to alterations in heart rate” might produce the 
abrupt changes in the form of the complexes. 

This concept, however, fails to consider the possibility, that at the approxi- 
mate critical rate, two impulses might reach different points of the affected 
ventricle at the same instant. This could occur if one impulse reaches the 
affected ventricle by traversing the normally functioning bundle branch while 
the impulse passed through the depressed bundle. Until one impulse comes 
to reach the ventricle sufficiently early to completely overshadow the effect of 
the slower impulse, one would expect to find records showing complexes of an 
■ intermediate form. Such complexes were recorded in a ease of bundle branch 
block reported by Miller and Fulton.'" In that ease, several electrocardio- 
graphic records showed gradual alterations of the normal complexes which 
resulted eventually in the typical bundle branch complex. In the case lierein 
reported intermediate complexes were never noted. 
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This hypothesis of depressed conduction through the bundle branch sys- 
tem has been weakened furtlier by recent studies of the cardiac conduction 
sy’-stem. Glomset, Glomsct, and Binge,® after painstaking study, were unable 
to demonstrate a readily recognizable and anatomically distinct ventricular 
conduction system. Failing to find a .specific conduction system, they postu- 
lated that bundle branch block complexes are a result of unilateral ventricular 
strain, or unilateral coronary insufficiency, or a combination of the two. This 
concept is somewhat in accord with that of Master, Falter, Back, and Jaffe,® 
who believe that the bundle branch complex results from a disproportionate 
enlargement of one or the other ventricle. Since ventricular strain and en- 
largement develop gradually, the contour of the QRS complex in transient 
bundle branch block wmiild be exiiected to change gradually if bundle branch 
block is the result of these changes. 

These hypotheses therefore seem unsatisfactory explanations of the abrupt 
changes in the QRS complexes noted in this and other similar cases. It would 
appear that a better explanation of the change of the QRS complex in transient 
bundle branch block must await the results of further investigation. 

SUMMARY 

1. An unusual ease of transient bundle branch block is presented in which 
normal QRS complexes were present at slow cardiac rates and bundle branch 
block appeared at higher rates; this ^Iteration occurred whenever the rate was 
varied sufficiently. 

2. No demonstrable evidence of organic heart disease could be found to 
account for the transient block. 

3. Theories of etiology and the mechanics of bundle branch block are dis- 
cussed in relationship to this case. 
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Blalock, A.: Physiopatkology and Surgical Treatment of Congenital Cardiovascular De- 
fects. Btill. New York Acad. Med. 22: 57 (Peb.) 1946. 

The subject of congenital cardiovascular defects in which surgical treatment has been 
effective is presented as the Harve}' Lecture. The author reports Iiis experiences with op- 
erative procedures in. the treatment of patent ductus arteriosus, coarctation of the aorta, and 
pulmonary stenosis and atresia. Tiie operation for pulmonary stenosis and atresia is of par- 
ticular interest. As recently performed, it usually consists of anastomosis of the right sub- 
clavian artery and the pulmonary arterj'. The left subclavian artery is seldom used because 
considerable kinking of the vessel occurs when the anastomosis is made. In infants and small 
children, the innominate artery should be used. Another consideration in the choice of which 
artery to use is the occurrence of a right ratlier than a normal left aortic arch. When the 
aorta descends on the right, the innominate artery is directed to the left and must be ap- 
proached through the left side of the chest. There have been 16 patients of this type in the 
author's series. The correct diagnosis was made before operation by fluoroscopic examination 
in which deviation of the barium-filled esophagus was seen. 

The author stresses the importance of making a direct measurement of the pressure in 
the pulmonary artery when the vessel is exposed preparatory to the anastomosis. In most of 
Iris patients the pulmonary arterial pressure was approximately 175 mm. of water. In one 
patient who had a pressure of 310 mm. of water, the operation was performed but the cyanosis 
did not disappear and death occurred on the twenty-fourth postoperative day. At autopsy, 
a single ventricle was found, from wlxich both the aorta and the pulmonary artery arose. There 
was little if any pulmonary stenosis. The cyanosis in tliis case was due to complete absence 
of a ventricular septum. It was obvious that the anastomosis should not have been performed. 
Eecognition of the high pressure in the pulmonary artery should have furnished the clue to the 
true nature of the condition. 

There was no significant impairment of the circulation in the arm when the subclavian 
artery was divided and used for the anastomosis. Although the skin temperature of the limb 
on the operated side was slightly cooler, motion and sensation were little, if at aU, affected. 

Either the right or left subclavian was used for the anastomosis in 26 patients. In 23 
additional patients the innominate artery was used and in each instance it was necessary to 
ligate the first portion of the subclavian artery. The first portion of the right or left sub- 
clavian artery was therefore ligated in 49 cases, and in none of these wms there any evidence 
of dangerous interference with the circulation of the arm. Seven patients died. In two of the 
seven patients the preoperative diagnosis was incorrect. In two of the remaining five cases 
death was attributed to cerebral ischemia or thrombosis. 

The author’s results up to Nov. 1, 1945, are summarized as follows: Fifty-seven opera- 
tions have been performed on 55 patients. Ten of these patients have died. In tliis group the 
preoperative diagnosis, tetralogy of Fallot, was proved by autopsy to be in error in two in- 
stances. If these two cases in which the diagnosis was incorrectmre excluded, there were eight 
deaths among the remaining 50 patients-, a mortality of 16 per cent. In 40 of the living pa- 
tients, improvement has been conspicuous. The condition of most of the children has been 
altered from invalidism to apparent if not real normality. The cyanosis has largely disap- 
peared, even ^fter moderate effort. The clubbing of fingers has either disappeared or con- 
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sidembly dimiiuslied. The average oxygen saturation of arterial blood has risen from 49 
per cent prior to operation to 79 per cent two to three weeks after operation. 

It is emphasized that the operation is not of value to all patients who have persistent 
cyanosis. It is indicated only in those malformations in which the cardinal difficulty is lack 
of . adequate circulation to the lungs. Bellet 


Silver, S. Ii., and Baker, L. A.: Eeexamtnatlon of Veterans Discharged Because of Heart 

Disease or Hypertension. J. A. if. A. 130: 13G (Jan. 19) 194G. 

Five hundred World War II veterans who had been discharged from the Armed Services 
because of diagnoses referable to the cardiovascular system, were re-examined and their medical 
records were reviewed. In 111 cases, the diagnosis of cardiovascular di.=ease for which the 
patient received his certificate of disability discharge was not confirmed. In the remaining 389 
patients whose diagnoses were confirmed, rheumatic heart disease had the highest frequency 
with an incidence of 1G9 cases (43.4 per cent). Of this grouj) the mitral valve was involved 
in 82.G per cent, the aortic valve was involved in 40.8 per cent, and mitral stenosis was present 
in 47.3 per cent. Arterial hypertension was the second most common diagnosis and occurred 
in 8G (27.5 per cent) of the patients. Thirty-three patients had been discharged because of 
coronary' disease and of these, 21 patients had acute myocardial infarction. Congenital and 
syphilitic cardiovascular diseases were rare. 

■ In 4G of the patients who had cardiovascular disease, no definite etiological factor could 
bo established. The authors noted a conspicuous tendency for the signs of neurocirculatory 
asthenia and hypertension to disappear following return to civilian environment, indicating 
that poor psychologic adjustment to military life had been responsible for the transient clin- 
ical manifestations. In about 40 per cent of tliis series there was a history of an etiological 
factor, or symptoms referable to the heart, or abnormal physical findings, which antedated 
entry into the service. It is pointed out that a more careful history and examination might 
have eliminated this group before induction. Bellet. 


Logue, B. B., and Mullins, F.: Polyarteritis Nodosa: Report of 11 Cases With Review of 
Recent Literature. Ann. Int. Med. 24: 11 (.Tan.) 1946. 

The authors report 11 cases of poly'arteritis nodosa diagnosed during life and review 
177 cases reported in the English literature up to 1942. Polyarteritis nodosa affects men more 
frequently than women; in the authors’ series there were 10 men and 1 woman. The ages 
of the patients ranged from 13 to G5‘ years. The duration of the illness varied from two 
and one-half months to one year, with recovery in one patient, who was well two years after 
onset of the disease. Hypertension was present in every patient at some time during the 
course of the disease. Leucocytosis occurred in all patients and eosinophilia was present in 
five patients. In three cases the diagnosis was made by' laparotomy. One patient developed 
a perirenal hemorrhage, and nephrectomy was performed because of a suspected neoplasm. 
Four patients had clinical and pathologic manifestations of involvement of the coronary 
arteries with progressive electrocardiographic evidence of coronary insufficiency. Three 
patients showed clinical or pathologic evidence of involvement of the testicular arteries. 

Naide. 


Russi, S., Blumenthal, H. T., and Gray, S. H.: Small Adenomas of the Adrenal Cortex in 

Hypertension and Diabetes, Arch. Int. Med. 76: 284 (Nov.-Dee.) 1945. 

The incidence of benign adenomas of the adrenal cortex in 9,000 routine autopsies 
was found to be at least 1.45 per cent. The incidence was 2 per cent in women and 1.2 per 
cent in men. Hypertension and diabetes occurred five times as frequently in persons with 
cortical adenomas as in the general autopsy group, and both diseases were frequently present 
in association with such a tumor in a single person. 

The authors discuss the relation of the adrenal hormones to diabetes and hy'pertension. 
In relation to hypertension the authors believe that there is a direct effect of the cortical hor- 
mones on vascular tone, the hormones rendering a person more sensitive to renin. • Naide. 
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Naide, M., and Sayen, A.: Venospasm: Its Part in Producing tlie Clinical Picture of 

Eaynaud’s Disease. Arch. Int. Med. 77: 16 (Jan.) 1946. 

Observation of 10 patients 'svitb. Eaynaud’s disease and four patients -with Eaynaud’s 
phenomenon has disclosed evidence that spasm of the veins as well as of the arteries is present 
in the majority of these patients. Arterial spasm alone cannot explain the clinical picture in 
most patients. In some patients venospasm may predominate over arterial spasm. The 
clinical features vary in each patient depending on wiiich part of the vascular tree is pre- 
dominantly involved in the abnormal vasoconstriction. It is suggested that in some patients 
with Eaynaud’s disease the clinical picture is influenced by an anatomic disproportion in 
capacity between arterial and venous flow. On the basis of clinical observations of these 
patients during the test for basal vascular tone, a classification has been made to clarify 
the terras Eaynaud’s disease and Eajmaud’s phenomenon. Eajmaud’s disease is not rare. 
The milder forms are fairly common and do not deserve the serious connotation usuaUy 
associated with the diagnosis. Eeassurance is an important part of treatment, A patient with 
so-called ^^cold allergy” was found to develop venospasm on exposure to cold without 
developing arterial constriction, which explained the development of cyanosis and marked 
swelling without blanching. Authors. 

Peet, M. M., and Isherg, E. M.: The Surgical Treatment of Arterial Hypertension. J. 

A. M. A. 130: 467 (Feb. 23) 1946. 

Since the first bilateral supradiaphragmatic splanchnicectomy and lower dorsal sym- 
pathetic ganglionectomy was performed by Peet in 1933, more than 1,500 patients with 
essential hypertension have received this treatment at the Hospital of the University of 
Michigan. The authors report the results of this treatment in 437 patients foUowed for 
five to twelve years. Two hundred and fifty-one patients, or 57.5 per cent of the series, 
were living five to eleven years after operation. At the end of five postoperative years 64.8 
per cent of the entire series were alive. The' hypertensive state in 82 per cent of the patients 
in_ this series had already progressed to serious organic disease prior to operation. Fifty-six 
per cent of all the men had died, while the mortality among the women was only 30 per cent. 
Ninety-five per cent of hypertensive patients who showed no preoperative evidence of cardiac, 
cerebrovascular, or renal involvement were living five to eleven years after operation. 

Approximately one-third of all patients who manifested preoperative evidence of organic 
heart disease, cerebrovascular disease, or impaired kidney function did not survive five to 
eleven years. Nineteen per cent of 112 patients ndth preoperative malignant hj'pertension 
were living five to eleven years later. 

Fifty-one patients had maintained normal blood pressure levels and 28 showed no 
evidence whatever of hypertensive disease five to eleven years after operation. Significant 
reductions in blood pressure, complete and definite symptomatic relief, improvement of eye 
grounds, and improvement of abnormal electrocardiograms, cardiac enlargement, and kidney 
concentrating ability had been maintained for five to eleven postoperative years in a re- 
markable percentage of patients. Sixty per cent of patients who had previous cerebral 
accidents suffered no recurrence during the long postoperative period. 

Surgical treatment is a measure to be considered in the management of every case of 
essential hypertension but to be utilized only when indicated. Evidence of progression and 
activity of hypertensive disease constitutes indication for surgical treatment. Naide. 

Loewe, L., Rosenblatt, P., and Hirsch, E.: Venous Thromboembolic Disease. J. A. M A 

130: 386 (Feb. 16) 1946. 

One hundred and twenty-five cases of thrombophlebitis and/or phlebothrombosis treated 
by the subcutaneous administration of heparin in the Pitkin menstruum are reported. 
Pitkin’s menstruum consists of IS per cent gelatin, 8 per cent dextrose, 0.5 per cent glacial 
acetic acid, and sufficient distilled water to make 100 per cent. Each ampule contains 200 
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mp. of heparin/Pitkin menstruum. The average patient can be kept heparinized by the 
administration of 300 mg. evei^' .‘•■ccond day. The usual period of treatment for the average 
caso of thrombophlebitis is ten days to two weeks. 

The treatment of venous thromboembolic disea.se with subcutaneous heparin in this 
manner was attended with lessened morbidity, prompt and rapid clinical improvement, and 
little or no re.«idual edema. Treatment failures with other methods have subsequentlv ended 
in recovery following the, routine adminislralion of heparin in the Pitkin mcn.«truum. The 
authors recommend this method of treating venous thromboembolic disease as being safe, 
.simple, practical, and ciTcctive. Naide 


Peters, H. E., Guytber, J. E., and Brambel, C. E.: Dicnmarol in Acute Coronary Thrombosis. 

.T. A. M. A. 130; 308 (Feb. IG) 104G. 

The aufhor.s studied the use of dicumarol as an anticoagulant in 110 patients with 
coronary thrombosis and myocardial infarction. Sixty patients received the usual treat- 
ment, while 50 received in addition dicumarol suOiciont to maintain their plasma pro- 
thrombin activity at 35 to 50 per cent of normal. It was noted that three of eveiy four 
cn.ses of coronary thrombo.si.s exliibiled an increased prothrombin activity noth increased 
clotting tendency. In view of this increa.«ed clotting tendency and due to the formation 
of mural thrombi and the danger of emboli, the anticoagulant .seemed indicated to prevent 
the occurrence of such complications. It is also suggested that the administration of 
adequate amounts of an anticoagulant may prevent e.vtcnsion of the thrombus and reduce 
chances of future formation of mural thrombi or venous thromboses in the lower part of 
the body. 

Dicumarol was ndmini.slered to the .50 patients with coronary occlusion throughout 
their hospital cour.se. which averaged forty-two days. Aside from a mild diarrhea and 
occasional nausea or hcadaclie.s, no toxic olTects were observed. No case of frank hemor- 
rhage and no death.*- nscribablo to dicumarol occurred in this series. It was noted that 
the sedimentation time was increased by the drug to .such an extent that if no longer 
.served as an index of healing in the damaged myocardium. 

Contraindications to dicumarol adinini.stration include rennJ disease, evident hepatic 
di.sease, or a blood dy.scrasia with hemorrhagic tendencies. Patient.s with definite hi'perten- 
.sion must bo carefull3' ob.servcd from the standpoint of regulation of dosage. 

The incidence of clinical embolism was 16 per cent in the group not receiving 
dicumarol and 2 per cent in flic dicumarolized group. The mortality rate was 20 per 
cent in the nondicumarolized group and -1 per cent in the dicumarolized group. There 
was no evidence of more rapid healing of the infarction as judged by the electrocardio- 
grams of the two groups. 

In v'iew^ of the recent reports that digitalis tends to increase the tendency toward 
coagulation the authors particularly advocate the use of dicumarol in patients with 
coronary thrombosis who arc receiving digitalis. 

In vriew of the encouraging results, it is .suggested that further clinical evaluation 
of dicumarol is warranted. Beluet. 


Spain, D. M., and Handler, B. J.: Chronic Cor Pulmonale. Arch. Int. iled. 77: 1 (-Tan.) 

3946. 

The .subject of chronic cor pulmonale is discussed from the standpoint of incidence, 
etiology, pathogenesis, clinical picture, diagnosi.s, clinical cour.se. and treatment. This 
report is based upon a series of 60 con.secutive cases of cor pulmonale studied at necropsj. 
Those cases were selected in which there was no significant evidence of hypertension, 
valvular heart disease, congenital lesion, sjqihilitic cardiovascular disease, or coronary 
atherosclerosis and at necropsy the wall of the right ventricle was found to be hyper- 
trophied to a greater degree than that of the left ventricle. The following underlying 
pulmonary conditions were present in this series; emphysema in 40 cases (66 per cent); 
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bronchiectasis and bronchial asthma, each in six cases; silicotuberculosis in three cases; pul- 
monary tuberculosis in two cases; and kj’phoscoliosis, pulmonary arteriolarsclerosis, and or- 
ganized pulmonary thrombi, each in one ease. The role and method by which each of these 
conditions acts in producing cor pulmonale is discussed in detail. 

The authors emphasize the. common errors made, clinically in the diagnosis of this 
condition. In about 50 per cent of the cases the common error was to denote arteriosclerotic 
heart disease. They emphasize the following points in malting a correct diagnosis: careful ob- 
servation of physical signs, increase in size of the heart toward the right, prominence of im- 
pulse in the epigastrium, accentuation of pulmonic second sounds, roentgenographic and 
fluoroscopic studies, and presence of right axis deviation in the electrocardiogram.' Occa- 
sionally in the presence of congestive failure, murmurs appearing over the pulmonic area give 
rise to an erroneous diagnosis of rheumatic or congenital heart disease. Bellet. 

Rosenberg, D. H.: Acute Myocarditis in Mumps (Epidemic Parotitis). Arch. Int. Med. 76: 

257 (Nov.-Dee.) 1945. 

Cardiac involvement in mumps has been previously considered rare. Rosenberg ob- 
served significant electrocardiographic evidence of myocardial involvement in 16 of 104 pa- 
tients studied (15.4 per cent). The following electrocardiographic abnormalities were en- 
countered: biphasic or inverted P waves in one or more leads, prolongation of the P-R 
interval, elevation of the S-T segment in CP^, and inversion of the T waves. Alterations of 
the T waves were observed in all 16 patients and occurred with the same frequency in each of 
the four leads. In tliis series there were also two cases of high-gi-ade A-V heart block; one 
complete, the other partial. In all but one patient, electrocardiographic abnormalities were 
observed between the fifth and tenth days of illness and, in the majority of patients, were 
present on the eighth or ninth days. Precordial pain, either alone or with dyspnea, and palpita- 
tion developed in four of the 16 patients. 

The nature of the liistopathologic changes in the myocardium has not been definitely 
determined. It is not certain whether they represent an acute interstitial myocarditis with 
infiltration of polymorphonuclear leucocytes, as reported in the single case of Manca, or other 
milder types of myocardial involvement. Prom tlie clinical course and electrocardiographic 
findings, it is suggested that the myocardial changes are usually mild and reversible. The 
author makes the additional point tdrat since the parotid involvement in mumps is not in- 
frequently slight, and often overlooked in spite of the other clinical manifestations of the 
disease, the presence of arthralgia in such cases, together with electrocardiographic changes, 
might lead to a mistaken diagnosis of rheumatic fever. These observations cast further 
doubt on the specificity of the delay in A-V conduction time in the diagnosis of rheumatic 
fever. Bellet. 

del Solar, A., DussaiUant, G-., Brodsky, M., and Levy, M.: A Critical Study of the Medical 

Treatment of Arterial Hypertension.' Rev. med. de Chile 73: 293 (April) 1945. 

A study was made of the effectiveness of various forms of medical treatment for hyper- 
tension. A series of 182 cooperative patients who had essential hj-pertension was observed 
over a period of several years. The patients were all ambulatory and tlieir blood pressures 
averaged 160 to 220 mm., systolic, and 90 to 130 mm., diastolic. They were examined at 
intervals of one to two weeks under rigidly consistent circumstances. Each patient was given 
a placebo for several months. This w'as followed by administration of one of the active 
drugs to be tested, also for several months. Pinallj- a terminal placebo was given. Por each 
patient, a determination was made of the independent blood pressure, which was the average 
blood pressure for the period in which no active medication was taken. 

The administration of placebos was accompanied by a significant fall of systolic pressure 
in relation to the independent blood pressure in 13.9 per cent ± 3.2 and of diastolic pressure in 
8.7 per cent ± 2.6 of 115 eases. Symptoms were alleviated in 83 per cent. These effects were 
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apparently duo solely^ to psychogenic factors. Potassium thiocyanate, administered to 26 
patients, produced a significant fall of systolic pressure in relation to the independent blood 
pressure in 73.1 per cent ± 8.7 and of the diastolic pressure in 09.2 per cent ± 9. The differ- 
ence between the effect of thiocyanate and that of the placebo was too great to have lieen due 
to chance and thiocyanate is thereby demonstrated conclusively to have a marked hypotensive 
action. Other drugs tested, however, including bismuth subnitratc, sodium nitrite, bromide- 
phenobarbital, potassium iodide, and diethylstilbestrol, were devoid of any demonstrable action 
in lowering blood pres.suro with respect to the independent pressure. Laplace. 

Warembourg, H., and Fontan, M.: Considerations of Cardiac Reaction to Eight and Left 

Pnetunothorax, L^Echo klcd. du Nord 15: C85 (Dec.) 1944, 

TJio cardiac reactions to pneumothorax were studied over a period of several years to 
determine whether there are any differences characteristic of one side as compared with the 
other. 

Left-sided pneumothorax produced no special clinical reactions of the heart, and serious 
accidents were rare. The heart rate was occasionally accelerated but sometimes was slowed. 
Eadiologically, the heart ivas shifted to the right. Termination of pneumothorax was often 
followed by functional disorders of the heart which were benign but troublesome and in- 
cluded prccordial pain, palpitation, and tachycardia. Torsion of the heart was sometimes 
accompanied by a loud systolic murmur at the pulmonic area. The changes in the electro- 
cardiogram following left-sided pneumothorax included right a.xis deviation (34 per cent), 
deep Q wave (29 per cent), and alteration of T waves (33 per cent). 

Eight-sided pneumothorax was accompanied by' transient acceleration of heart rate and 
never by slowing. AH of the significant arrhythmias which were encountered, such as extra- 
systoles and paroxysmal tachycardia occurred when pneumothorax was on the right. In 
general, however, right pneumothorax did not cause the functional disorders of pneumothorax 
on the left. Eight axis deviation and deviation of the S-T intervals occurred more frequently 
with right than with left pneumothorax and a tendency to low' voltage was often manifested. 

Lapl.ace. 

Prinzmetal, M., and Bergman, H. C.: The Nature of the Circulatory Changes in Bum 

Shock. Clin. Sc. 6: 205, 1945. 

When rats were burned at 100° C. for fifteen seconds, denervation did not change the 
mortality or survival time. The shock produced by tiiis type of burn is not explained by the 
small volume of local fluid loss and must therefore be toxic (humoral) in origin. The degree 
of hemoconcentration did not indicate the severity of tliis type of shock since there was 
insufiScient local fluid loss to cause a significant elevation of hemoglobin. In toxic burn shock 
the hemoglobin values may fall and anemia may occur due partly to transfer of fluid from 
the tissues into the blood vessels and probably also to retention of red blood cells in the 
capillaries. 

The characteristics of toxic bum shock are demonstrated histologically to include an in- 
crease in the number of open capillaries and in the amount of blood retained in each capillary- 
The primary disturbance is capillary atony, visceral congestion, and diminution of bleeding 
volume which occur within one minute after bums. The vascular disturbance which proven s 
vascular contraction causes the organs of the exsanguinated shocked animals to remain con- 
gested while those of the exsanguinated normal animals become pale. Impairment of co - 
tractile power of the peripheral circulation in shock with consequent reduction in venous 
return, was demonstrated by the fact that the bleeding volume of animals without hear 
was the same as those with hearts. A humoral agent in the blood of burned ™als can 
demonstrated by the reduction of the bleeding volume of normal animals after they have 
been injected with large amounts of blood from burned animals. 
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Lewis, T.: Congenital Tricuspid Stenosis. Clin. Sc. 5: 261, 1945. 

A case of tricuspid stenosis in a newly born child is described. The macroscopic ap- 
pearance was that of endocarditis, but on histologic examination it was found that the 
lesion was a congenital malformation. Valvular deformities discovered in early life are 
believed to be usually if not always the result of congenital malformation rather than endo- 
carditis. LAPIiACE. 

Pickering, G-. W., and Sanderson, P. H.: Angina Pectoris and Tobacco. Clin. Sc. 5: 275, 

1945. 

Tobacco angina is regarded by the authors as rare in occurrence but important be- 
cause of its implications that tobacco may cause constriction of the coronary arteries. Three 
cases are reported in which anginal pain was induced or aggravated by smoking. One of the 
patients wns carefully studied with respect to the manner in which smoking produced the pain. 
When the patient smoked following the disappearance of pain produced by exercise, the pain 
reappeared. It reappeared, however, only if smoking was accompanied by an adequate in- 
crease in pulse rate. Exercise tolerance was not reduced by smoking before or during the 
exercise. Smoking was therefore a relatively minor factor in the production of anginal 
pain in this case, and it appeared to produce the pain by increasing the work of the heart 
rather than by causing vasoconstriction. 

It is pointed out that use of the term '' tobacco angina" is scarcely justifiable since 
smoking plays such a relatively small and inconsequential part in the production of anginal 
pain. Laplace. 

Eyster, J. A. E., and Gilson, W. E.: The Development and Contour of Cardiac Injury 

Potential Am. J. Physiol. 145: 507 (Feb.) 1946. 

By applying increasing increments of suction to a small region of heart muscle, the 
development of injury potentials of rest and activity has been observed. When completely 
developed, the injury potential curve of activity is fundamentally monophasic in form 
and consists of only two parts: (1) a part in which the resting potential, negative with 
respect to uninjured resting muscle, is rapidly abolished and replaced by a potential 
positive with respect to the same reference, and (2) a slower and continued decline of the 
potential to the resting state. Modifications in this curve causing it to depart from this 
strictly monophasic type may result from two factors, inclusion of action potentials from 
uninjured regions of the muscle and from incomplete or nonuniform injury. The former 
occur most prominently in bipolar leads, are less often present in unipolar leads, and are 
usually absent in coaxial leads. The latter elfects are prominent during the development of 
suction injuries or during their subsidence and are always, in our experience, present in in- 
jury potential curves derived from burned or crushed regions. 

It is shown by several experimental methods that the injury potential of activity is 
derived solely from the region of injury or the immediately contiguous tissue. The electrode 
on uninjured tissue contributes to the recorded curve only by the addition of active potential 
components arising from the region of the electrode or from normal heart tissue intervening 
between the two electrodes. Author.?. 

Wintrobe, M. M.: Relation of Nutritional Deficiency to Cardiac Dysfunction. Arch. Int. 

Med. 76: 341 (Nov.-Dee.) 1945. 

■ This article contains a good summary of the cardiac effects of nutritional deficiency. 
The author reviews the literature on the subject from the clinical and experimental stand- 
points and reports his own experiments upon the production of thiamine deficiency in pigs. 
The effects of avitaminoses, particularly of vitamin B„ are discussed from the clinical, electro- 
cardiographic, and pathologic standpoints. Bellet. 
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ELECTROCARDIOGRAPHIC CHANGES IN PERICARDITIS 
ASSOCIATED WITH UREIMIA 

Norman ]\[. Keith, M.D.,' Raymond D. Pruitt, M.D.,^ and 
Archie H. Baggenstoss, M.D.i 
Rochester, IMinn. 

O NE ol the responsibilities of the present-day physician is that of caring for 
the patient who lias uremia. Blore of these patients now are seeldng medical 
ad\dce, and the condition demands broader and more accurate knowledge than 
heretofore. “^During the last few years, closer observation of these patients in 
the hospital has led to the more frequent recognition of pericarditis.^"” Dif- 
ferent investigators have suggested that serial electrocardiograms taken during 
the course of pericarditis"- ® should give needed information in regard to typical 
abnormalities and that a more accurate appraisal of the significance of these 
abnormalities should be raade.'^ 

The following report consists of clinical, chemical, serial electrocardio- 
graphic, and pathologic observations in three cases of severe chronic renal in- 
sufficiency in which recognizable pericarditis developed while the patients were 
under our care. These cases presented a unique opportunity for an intensive 
study of uremic pericarditis. 

REPORT OF GASES ' . 

CASE 1. — ^The patient, a white youth, was 17 years of age when he first registered at ' 
the Mayo Clinic, Oct. 21, 1939, approximately four years before the terminal illness during 
which pericarditis developed. He had contracted measles and mumps in early childhood. He 
had undergone tonsillectomy when he was 3 years of age. At 7 years he had scarlet fever, 
from which he recovered completely. In March, 1939, when the patient was 17 years of age, 
he developed a septic sore throat with fever and remained in bed for four days. There had 
been no definite sequelae. In the family history no significant facts were found with regard 
to the patient’s illness. 

In September, 1939, edema of feet and legs and some puffiness of the eyelids developed 
insidiously, and gradually increased. Albuminuria, hematuria, and cyliudruria were found 

Received for publication Oct. 2, 1945. 

‘Division of Medicine, Mayo Clinic. 
tSection on Pathologic Anatomy, Mayo Clinic. 
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on uliualysis al thui time. The patient had been put to bed and in three \veek.« the edema 
had subsided although nlbuininuria persisted. 

Physical examination on admission to the clinic on Oct. 2i, 1939, revealed that the pa- 
tient was 69% inches (176.5 cm.) taU and weighed 146 pounds (66.2 kg.). There was slight 
edema of the eyelids and moderate edema of the dependent portions of the hody. The lungs 
were clear, and there was no gross enlargement of the heart. "With the ophthalmoscope a 
single small hemorrhage in the right retina was seen. The initial blood pressure was 170/90. 
Several routine urinaly.-!cs revealed albumin, Grade 3 to 4 (on a grading basis of 1 to 4, in 
which 1 represents the least amount and 4 represents the most amount) ; no reducing sub- 
stances; some hyaline and granular casts; erythrocytes. Grade 2 to 3; and leucocytes, Grade 
0 to 4. An electrocardiogram taken on October 25 revealed no significant variations from the 
normal (Pig. 1). Studies of the blood revealed mild secondary anemia, negative results of 
the flocculation test for syphilis, increased concentrations of urea (48 mg. per 100 c.c.) and 
cholesterol (287 mg.), and distinct hypoproteinemia (Table I). The standard urea clearance 
was reduced to 15 c.c. of blood cleared per minute. A diagnosis of early chronic glomerulo- 
nephritis was made and the patient’ was Jiospitalized. During the tAvo weeks the patient Avas 
in the hospital the edema disappeared and he lost 17 pounds (7.7 kg.). Treatment consisted 
of a diet low in sodium chloride, aaIiIcIi contained 2,000 calories and 80 Gni. of protein. The 
intake of fluids Avas limited to 1,500 c.c. per day. The diuretics, potassium nitrate, theo- 
bromine, and aminophylline, were given. Also 00 Gm. of acacia in a 6 per cent solution 
were iujected intravenously. 

The patient’s .second admission Avas on .July 10, 1940. Hi.s general condition was good. 
The only abnormalit}' was a trace of edema above both ankles. Tlie blood pressure Avas 
160/90. Uriualysis revealed findings similar to those on first admission. There was definite 
evidence of renal insufficiency; for example, the .senirn sulfate had increased to 7.3 mg. in 
100 c.c. (Table I). 

A year later, on Now 24, 1941, the patient returned to the clinic. He had attended 
school regularly in the interim. He had no edema, the blood pressure was 150/80, and the 
ophthalmoscopic findings in the retina were normal. The secondary anemia Avas more severe 
than on prevoius Arisits and renal insufficiency Avas more marked as evidenced by the standard 
urea clearance Avhich was reduced to 6 cubic centimeters. Urinary findings Avere similar to 
those on previous visits. At tliis time the patient was given a transfusion of 500 c.c. of blood. 

For the next year the patient had fcAv untoward symptoms. HoAvever, during the winter 
of 1942 and 1943 the anemia became difficult to control and he Avas given nine transfusions 
of blood. His appetite became poor and in the six months before his last admission he oc- 
casionally vomited. 

On the fourth and last admission, June 9, 1943, the patient Avas distinctly anemic. He 
Avas hospitalized at once. His breath had a uremic odor. The heart Avas not gi-eatly enlarged. 
A soft systolic murmur was heard over the pulmonary region. However, there Avas no edema, 
and no retinitis Avas demonstrated on ophthalmoscopic examination. The blood pressure had 
risen to 175/115. Quantitative estimations of the protein in the urine revealed that the 
amount excieted varied from 1.14 to 1.93 Gm. in 100 c.c. of urine, and the total amount ex- 
creted in twenty-four hours varied from 3.5 to 16 grams. In spite of this considerable daily 
loss of protein in the urine, the sei um protein and albumin fraction Avere at the low'er limits of 
normal concentrations (Table I) . Blood studies revealed distinct secondarj' anemia and marked 
azotemia. The concentration of blood urea was 3-42 mg. and of creatinine was 28 milUgrams. 

In the thirt 3 "-seAmn daj's the patient was under observation, the course Avas typical of 
terminal uremia secondary to chronic glomerulonephritis. TA\’enty-four hours after the pa- 
tient was admitted to the hospital several general convulsions developed. Each was of short 
duration. Pour daj's later, June 14, examination of the mouth revealed a white membranous 
exudate beneath the tongue, having the characteristics of so-called uremic frost. The next 
evening the patient had a general convulsion Avhich lasted for ten minutes. On June 16, for 
the first time, a faint precordial to-and-fro friction rub Avas heard in the second left intercostal 
space. This mb was not heard thereafter until June 21 Avhen a loud friction mb became 
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audible and continued to be beard until June 24. Electvocardiograplue tracings taken in tbc 
course of the first examination in October, 1939, and on June 11 and 17, 1943, in the first 
week of the last stay in the hospital, were not indicative of pericarditis (Fig.-l). However, 
on June 21, when the loud rub over the precordium developed, electrocardiographic tracings 
taken in the morning showed significant elevation of the KS-T segment in all tliree standard 
leads and in precordial Leads OIL and IVE. In the period from June 17 to 23, the patient’s 
temperature rose each day to 99° F. or higher,. and on June 18 it rose to 101° F. It is worthy 
of note that subsequently from June 25 to July 2 no pericardial friction rub was audible, 
the patient’s temperature was normal, and the electrocardiographic changes diminished in 
magnitude- In the tracing taken on June 28 the ES-T segments were isoelectric in all leads 
except in Lead CEj. The amplitude of the T waves especially in the standard leads was 
low in comparison to the height of this deflection in electrocardiograms taken prior to the 
episode of pericarditis (Fig. 1). 



Pig. 2. — (Case 1.) Sangainonbrinous pericarditis with fibrous adhesions. 

On July 8, the friction rub recurred and persisted until the patient died on July 15. 
A culture of the blood taken on July 8 failed to show any growth over a period of five days. 
Prom July 9 to 15, inclusive, the patient’s temperature rose to as much as 100.2° P. In the 
electrocardiogram made on July 8, elevation of the ES-T segment reappeared in the standard 
leads and luecordial Lead IVE. Throughout the last seven days of the patient’s life the fric- 
tion rub was detectable and in electrocardiograms taken in this period the ES-T segment re- 
mained elevated (Fig. 1). 

It is of interest that, in spite of the extreme grade of renal impairment, oliguria de- 
veloped only during the last few days of life. The continued excretion of a considerable 
volume of urine was at least partly due to the intravenous injection of glucose solutions. 

Blood was withdrawn from the vein of the arm of the patient on July 8 and analyses 
of the concentration of several ions in the plasma and serum were made. The results given 
in Table II reveal a low total ionic concentration and a preponderance of basic ions. These 
findings, in addition to carbon dioxide combining power in the plasma of 48 volumes per cent, 
support the viewpoint that even in marked chronic azotemia, as it occurred in this patient 
acidosis need not necessarily be continually present. 
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On. July Jo bilnteiiil puvotilis, wus present. The patient periodically lap.scd into a ' 
semieomaloso condition and died at 2:55 r.^r. 

Nccropsii. — U'hero was model ate emaciation. Two dccubital ulcers, eacli 1 cm. in di- 
ameter, were present on the right Imttoclc. There wero 200 c.c. of hlood-thigcd iluid in the 
peritoneal cavity. The pericardial .s!ic measured 1.5 cm, transversely and contained approx- 
imately 200 c.c. of bloody fluid. 'J’lie epicardium and inner surfaces of the pericardial sac 
were covered by a thick hcinorrliagic exudate (h'ig. 2). 

The heart weighed .330 gram.s (normal, 2(55 grams). A few dense fibrinous adlicsions 
extended from the epicaidium to the jtoricardial surface. 



Fit;. 3. — (Ca.sc I.) "Clironlc plomcrutonopliritls with atrophy of the left kidney. 



Fig-. 4, — (Case 1.) Pericarditis. Note organization of tlie fi1)rinous exudate at the left 

(hematoxylin and cosin, X120). 


/ 
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there were scattered cotton-wool exudates and hemorrhages. The retinal findings were tliosc 
of an acute angiospastic retinitis. Twenty routine urinalyses revealed albumin, Grade 2 to 4, 
and no reducing substances. In the sediment, erythrocytes and leucocytes, Grade 1, were 
found periodically. The finding of casts was not recorded. An accurate quantitative estima- 
tion of protein revealed 0.3 Gm. in 100 c.c. of urine. Blood studies indicated sccondarj" 
anemia (hemoglobin, 9.1 Gm. in 100 c.c.) ; erythrocytes 3,100,000 per cubic mil limeter, and 
leucocytes 4,300. The result of the flocculation test on the serum was negative for sj*philis. 
The blood urea was 238 mg. and the serum sulfate was 26.3 mg. in 100 c.c. (Table III). 
These levels are indicative of severe azotemia. A roentgenogram of the thorax showed an 
enlarged heart shadow and a small effusion in the right pleural ca\-ity. An electrocardiogram 
taken on January 12 showed nothing diagnostic of pericarditis or myocardial disease (Fig. 6). 
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Pig. 6. — (Case 2.) Changes of a type observed in p''ricarditis never were present in 
more than minimal degree in thi.s .'^eries of electrocardiograms. In the tracing taken on 
February 16, the RS-T segment in precordial Lead CR: is slightly elevated. Changes in this 
lead attain tlieir greatest degree on Februai'y 23. Slight elevation of the RS-T segments 
in tlie standard leads appeared in the electrocardiogram on the same day and persisted 
throughout the remaining tracings. 


The course of the patient’s illness from Jan. 11 to Feb. 27, 1944, was typical of the 
terminal uremic slate seen in chronic diffuse nephritis. The blood urea and creatinine gradu- 
ally rose to 564 mg. and 23.5 mg. in 100 c.c., respectively, and the carbon dioxide combining 
power of the plasma decreased to 24 volumes per cent. Distinct oliguria did not develop 
until the last four days of the patient’s life. From January 11 to February 11, the patient’s 
condition changed little and at times she was fairly comfortable. Treatment included intra- 
venous injections of glucose solutions and a transfusion of 500 c.c. of blood on January 26. 
On February 11, a few moist rales were audible over the bases of the lungs, but no change 
occurred in the region over the heart. The electrocardiogram was unchanged from that taken 
on January 12 (Fig. 6). On Februarj’ 15, the patient became mildly confused and had some 
hallucinations. At times during the next day, February 16, twitching movements of the ex- 
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Tabu: IL DiStkibution or Eu:otuobvtes in- Bloou P^AK^r^ and Seiium in Case i’' 


BABE 

MO. IN 

100 c.c. 

MEQ. IN 

' 1,000 c.c. 

acid 

MO. IN 

100 c.c. 

MEQ. IN 

1,000 C.C. 

Sodium 

285 

124 

Chlorides t 

198 

50.4 

Potassium 

13.6 

3.5 

Bicarbonate 

48t 

21.5 

Calcium 

6.5 

3.2 

Protein 

5.2} 

12.5 

Magnesium 
Total Mcq. 

1.2 

1.0 

Sulfates 

24 

5.0 


131.7 

Phosphates 
Total Meq. . 

12.5 

8,0 

103.4 


•Blood withdrawn July 8, 1943. 

tChlorides estimated as chlorine. 

jBic.arbonate e.stimatcd from carbon dioxide combining power. 

SGram In 100 c.c. of .serum. Base mllllequtvnlent.s per liter bound by protein = 0.243 
time.s gram.s of protein per llti-i. 

In sections of the right lower lohe of the lung the .alveoli were tilled with .senim and 
fibrinopurulent exudate. 

In section.s of the kidneys no normal glomeruli could he observed. About 60 per cent 
of the glomeruli were fibrotic, hjaalinized, and obviously functionle.ss structures. The re- 
maining glomeruli revealed evidence of injury-, of varying degrees. Many of them were 
hypertrophied. The most constant change was endothelial proliferation of the glomerular 
tufts. Most of the capillaries were partially oi completely blocked by this abnormal accumu- 
lation of endothelial cells. In some of thc.se glomeruli, hyaline globular structures were pres- 
ent in the peripheral portions of the tufts (I’ig. 5, a and h). These hyaline structures were 
identical in appearance to the lesions described in the kidney in Kimmclstiel-Wilson disease 
(intercapillary glomerulosclero.sis®). Adhesions between the glomerular tuft and the capsule, 
and pericapsular fibrosis were other changes frequently observed. IMost of the tubules were 
atrophied and collapsed. Collections of h-mphocytes were present in the interstitial tissue. A 
few tubules were dilated and contained casts of acidophilic albuminous material and red 
blood cells. 

The large arteries appeared normal. The arterioles revealed moderate hjpertrophy of 
the media but rarely any intimal hyalinization. 

The following diagnoses were made: (1) chronic glomerulonephritis with atrophy of 
the left kidney and uremia (clinical) ; (2) chronic tibrinohemorrhagic pericarditis; (3) hyper- 
trophy of heart (hj-pertension), and (4) early bronchopneumonia in the lower lobe of the 
right lung. t 

Case 2. — The patient, a married while woman, 35 years of age, Avas admitted to the 
Ma 3 'o Clinic on Jan. 11, 1944, and was hospitalized imraediatelj-. She was suffering from 
uremia presumablj' due to chronic glomerulonephritis. She complained chiefly of dyspnea, 
edema of the legs, nausea, and vomiting. The family history’ revealed that her mother had 
Bright’s disease and that one brother had high blood pressure. The patient had been mar- 
ried for seventeen years and was the mother of two healthy children. She had scarlet fever 
at 4 years of age and she underwent tonsillectomy at the age of 12 jmars. During the pa- 
tient’s first pregnancy, when she was 18 years of age, albuminuria was found and this had 
persisted since that time. Three j’cars before admission the urine contained casts, blood, and 
pus, in addition to albumin. Her systolic blood pressure was 190 millimeters. Six weeks 
before admission, dj’spnea Avith cough, dependent edema, some blurring of vision, nausea, 
and vomiting developed. Her systolic blood pressure was foxmd to be more than 200 milli- 
meters. 

On physical examination at the clinic, the patient AA-as C6% inches (168.3 cm.) tall and 
Aveighed 113% pounds (51.5 kg.), and the blood pressure was 240/140. She was anemic. 
Numerous moist rales were heard over the bases of the lungs. On percussion the heart was 
found to be slightly enlarged, measuring 2,5 by 12.5 centimeters. The second aortic sound 
Avas accentuated, but no murmurs or rubs were audible. The liver and spleen could be felt at 
the costal margin. There was edema, Grade 1, of the lower part of the legs. On ophthalmo- 
scopic examination the retinas were anemic, the optic discs were edematous up to 1 diopter, and 
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treniities and signs of bilateral liydrothorax developed. Edeniaj Ctrade 3, of the lower part 
of the back Avas also present. An electrocardiogram showed an increase in the lieight of the 
!r wave in Lead I'STl and a sharpening of the apex of. this wave: the ItS-T segment in Lead 
CR3 was slightly elevated (Pig. 6). The patient's temperature wa.s normal from January 
29 to Pebruary 18, with the exception of Pebruary 16 when it reached 99.4° P. ; however, from 
February 18 .to February 23, it ro.ee to 100° to 100.6° F. On February 23, so-called uremic 
frost covered the patient's tongue and the iniicous membrane of the oral cavity and, for the 
first time, a precordial friction rub atus heard. The electrocardiogiam on the same day re- 
vealed that elcA’ation of the IIS-T segment in IjCad GE., had increased and a slight elevation 
of this segment had appeared in Lead IVE. The friction rub continued to be audible through- 
out the remaining six days of the patient 's life. In the electrocardiogram taken on February 
23 (Fig. 6), a slight, elevation of the ES-T segment in Leads I and H had appeared, and this 
feature was retained in the subsequent tracings taken on February^ 25 and February 26. How- 
ever, the .segmental elevation in the precordial leads disappeared almost completely in the last 
two elect roeardiogi’ams of February 25 and 26 (Fig. 6). The patient gradually became weaker 
and more drowsy and, on February 26, her blood pressure fell to 130/60, and the carbon 
dioxide combining power of the plasma derweased to 24 volumes per cent, indicating definite 
acidosis. On February 27, the patient was very drowsy, her blood pressure fell to 90/50, her 
temperature fell to 97.4° P., and she died at 9:25 r.M. 



Fiir. 7. — (Cas>’ 2.) Fibrinopurulcnt pericarditis. 


Nccroih'sy . — The peritoneal cavity contained 1,000 c,c. of clear yellow fluid and each 
pleural ‘ cavity' contained 1,500 cubic centimeters. The pericardial sac measured 14 cm. 
transver.sely and contained 250 c.c. of yellow fibrinopurulcnt exudate. 

The heart weighed, 403 grams (normal, 234 grams). The entire epicardium tvas covered 
by a shaggy fibrinopurulcnt exudate which varied in thickness and was most prominent at 
the apex on the anterior surface (Pig. 7). There was a subendocardial hemorrhage in the 
papillary muscle of tlie left ventricle. The coronary arteriosclerosis was Graded J and there 
were no thrombi. 
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in. the myoeardiirm. Sections of the upper lobe of the left lung revealed a recent infarct. 
There was moderate fatty metamorphosis in the liver. 

In sections of fhe kidneys most of the glomeruli were hbrotic, hyalinized structures 
which appeared completely functionless (Fig. 10, a). A few glomeruli appeared normal but 
were greatly hypertrophied. Others presented thickening of the basement membranes of the 
capillary loops and focal hyalinization. The tubules were for the most part severely atropliied 
and collapsed. A few tubules in association with fairly normal glomeruli were dilated and 
contained acidophilic hyaline casts. In some regions numbers of tremendously dil a ted tubules 
lined by flattened epithelium and tilled with acidophilic hyaline casts could be observed 
(Fig. 10, 6).' No glomeruli were visible in these areas. In sections of the left Iddney there 
was suppurative interstitial nephriti'? with small abscesses (Fig. 10, c). Some of the tubules 
contained a purulent exudate. The small arterioles of the kidney were the seat of severe 
hyaline intimal thickening. There was moderate medial hypertrophy of the larger arterioles 
and arteries. Collagenous intimal thickening and reduplication of the elastic lamina were 
also observed (Fig. 10, h). 



Fig-. 9. — (Case 2.) Pericardium. FTote organization of the fibrinopurulent exudate by fibro- 
blasts (hematoxvTin and eosin, Xl40). 

Sections of the bladder revealed severe edema of the submneosa with the presence of 
many large mononuclear cells. In sections of the vagina there was evidence of recent 
thrombosis of small arteries with intense congestion of snbmucosa and ulceration of the epithe- 
lial surface. 

The following diagnoses vtere made: (1) chronic pyelonephritis (interstitial nephritis) 
with atrophy of kidneys (total weight, 52 grams; noimal, 234: grams) and uremia (clinical); 
(2) hypertrophy of heart (lypertension) ; (3) flbiinopurulent pericarditis; (4) bilateral 
hydrothorax and ascites; (5) infarct upper lobe of left lung; (G) bullous edema of bladder; 
and (7) ulcerative vaginitis and cermcitis. 

C.VSE o . — The patient, a white woman, was 37 jears of age, a housewife, and mother of 
two healthy children when admitted to the Mayo Clinic. She was hospitalized immediately 
on Feb. 23, 1944. Notliing in the family history appeared to be significant with regard to 
her present illness. The important etents in her past history were the development of urinary 
infection in the course of her first pregnancy in 1932; right tubal pregnancy for which right 
salpingectomy, together with appendectomy, was performed in 1939; pregnancy and cesarean 
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At tho aj)ex of the upper lobe of the left luug a brown wedge-shaped region of increated 
consistency nieasurod appi-oximatcly 2 by 2 era,; it liad the appearance of an infarct. Aside 
from severe atelectasis of the lower lobes of both lungs, no other lesions nerc observed in 
the lungs. 

Tlio right Icidncy raoa.‘-ured 0 by 3.5 by 2 era. and weighed 28 gianis. Tho capsule uas 
stripped with great difficulty from a granular and scarred surface. The cut surface was light 
brown and the ranrhing.s were indmfiiict. The left kidney measured 6 by 3.5 by L5 cm. 
and weighed 2-1 grams. It had the same appearance as the right kidney (Fig, 8). 



Fig:. 8. — (Case 2.) Severe pj cloneplirltic atrophy of kidneys. Normal kidney below for 

■ comparison. 

The mucosa* of the bladder was congested moderately and there was severe bullous 
edema. TIio mucosa of the vagina was ulcerated and covered by a hemorrhagic purulent 
exudate which extended info the cervix. There were multiple small petechial hemorrhages 
on the surface of both ovaries, 

'Histologic Examination . — The parietal and visceral layers of the pericardium were cov- 
ered by a fibrinous exudate which contained many poljTnorphonuclear cells and numerous 
colonies of microorganisms. These had the appearance of cocci. Numerous fibroblasts were 
growing into the fibrinous exudate from the epicardium (Fig. 9). No lesions were observed 
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sectiott for placenta previa in April, 1943. The present illness began in October, 1943, with 
the development of migrathry arthritic pains in several joints. Anemia was noticed by her 
physician." Later there were mild swelling of the joints of both hands, wrists, and elbows 
and a rise in body temperature. In November, the fever recurred and edema of ankles and 
legs appeared and persisted. In January, 1944, pitting edema became general and the pa- 
tient’s eyelids w'ere affected. Afternoon fever up to 101° P. and sweating occurred. Tlie 
urinary output diminished at this time and her physician found on urinalysis albuminuria 
and pyuria. The extent of edema fluctuated during February, but during the week before 
coming to the clinic it increased distinctly and the patient gained seven pounds (3.2 kg.). 
During that week the patient noticed pain in the left anterior part of the thorax and dyspnea 
on exertion. In the two to three months before admission she had on several occasions 
passea waterj' stools. 

On physical examination the patient w'as 66^/^ inches (168.9 cm.) tall and weighed 120 
pounds (54.4 kg.) . She appeared to be slightly anemic. General edema, Grade 2, was present. 
The wrist and the joints of the right hand w'ere swollen. The blood pressure was 125/75. 
Ophthalmoscopic examination revealed normal ocular fundi. Routine urinalyses revealed 
albumin. Grade 2 to 4, and no reducing substances. The sediment contained erjdhroeytes, 
Grade 0 to 2, and leucocytes. Grade 0 to 3. Quantitative estimation of urinary protein showed 
the presence of 0.2 to 0.8 Gm. in 100 cubic centimeters. In a single culture of urine, colon 
bacilli were present. Renal function was adequate as indicated by a standard urea clearance 
of 38 C.C., by a concentration of urea in 100 c.c. of blood of 28 mg., and by a urogram which 
revealed an early and considerable concentration of iodine compound in the renal calices and 
pelves. Blood studies “^indicated that results of the Kline flocculation test for S3'philis were 
negative and secondary anemia was present. The hemoglobin concentration was 10.2 Gm, in 
100 c.c., and the erythrocytes numbered 3,200,000 per cubic millimeter. The content of pro- 
tein and albumin in the serum were definitely decreased and the lipoid concentration in the 
plasma increased (Table IV). The electrocardiogram taken on February 28 was considered 
to be essentially normal (Fig. 11). A provisional diagnosis of subacute glomerulonephritis 
with nephrotic features was made. The history and some minor alterations in the calice." of 
both kidney's as seen in urograms suggested mild chronic bilateral pyelonephritis. 

The course of the patient’s illness while she was in the hospital, from February 23 to 
March 21, was quite satisfactory. The edema responded to certain diuretic procedures, in- 
cluding diet, potassium nitrate, and three transfusions of blood (1,500 c.c. in all). The daily 
volume of urine varied from 700 to 2,400 cubic centimeters. The patient lost 18 pounds 
(8.2 kg.), and edema disappeared. The hemoglobin in the blood rose to normal and there 
was an increase in the serum protein and albumin. Arthritic manifestations were minimal, 
and her temperature was usually about normal though on a single occasion it rose to 100.6° P. 
A" satisfactory explanation of the rheumatic complaints and manifestations of arthritis which 
she had on admission could not be made. On March 20 the urea clearance was 37 cubic 
centimeters. 

After returning home on March 21 the patient felt much stronger and in the next three 
weeks gradually resumed her household duties. However, on April 6 the temperature rose to 
102.5° F. and the following day the joints of her fingers and wrist began to swell. Later the 
periodic diarrhea and pain in the left anterior portion of the thorax recurred. 

The second admission was on April 18, 1944. On examination the patient’s temperature 
was 102° P., there was a butterfly papuloerythematous rash on her face, and the joints of her 
fingers were swollen. The heart rate was 100 beats per minute and no murmurs or rubs were 
heard. Edema, Grade 2, was present in the legs. The blood pressure was 115/70 and on 
ophthalmoscopic examination the fundi were essentially normal, although the retinal arterioles 
and veins seemed distinctly' dilated. A roentgenogram of the thorax revealed a possible 
mitral configuration of the heart. Several routine urinalyses revealed findings similar to those 
on her first admission; the quantitative estimate of protein in the urine was 0.1 to 0.5 Gm. 
in 100 cubic centimeters. Constituents of the blood were: hemoglobin, 10 Gm.; ervthro- 
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' Fig. 10. — (Cuse 2.) «; Glomeruli are Jo.stroyctl and - replaced . : ' 

-tissue (hematoxylin ahd eosin, Xl50). b. Dilated tubules tilled v:' : '■ '_ '■. ■ 

.(so-called colloid casts). Marked thickeninK of walls of arteries r- _ ; 
toxylin and eosiii; XHO). c, Purulent exudate in tubules . and- ■ ■■ " 
abscess may be noted to right (hematoxylin and cosin, X90). , 
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cyt<!s, 3,740,000; leucocytes, 5,200 to 13,400} urea, 5G mg.; serum' sulfate, 10.8 mg.} serum 
protein, 4,2 Gm‘} and ih® total lipoids of the plasma from 823 to 1,005 milligrams. The 
results of -the Kline, Kahn, Hinton, and Kolmer tests of the blood serum for syphilis were 
negative. 



The patient v\’as evidently still suffering from chronic glomerulonephritis in a nephrotic 
phase, bht, in addition,, c^'idences of toxemia including fever and an erythematous lesion in 
the skin of the face had developed. 
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electrocardiogram taken on this day the elevation of the ES-T in Lead III was somewhat 
more definite than that in. the tracing made on April 26 (Fig. 11). During the remaining 
twenty-three days of the life of the patient a friction ruh was lieard over the heart intermit- 
tently. In the final tracing taken on May 6 (Fig. 11), no definite signs indicative of peri- 
carditis were present. 

On April 24 to 26 a loud blowing systolic murmur was heard over the apical region of the 
heart. Three attempts to grow an organism from the blood were unsuccessful. Uremia gradu- 
ally developed, and on May 5 the concentration of urea in the blood had increased to 144 
milligrams. The blood creatinine was elevated to 2.5 mg. on the same day, and on May 6 the 
serum sulfate increased to 11.4 milligram.^. Because the patient had intermittent attacks of 
diarrhea, a roentgenogram of the colon \yas taken following a barium enema on May 9. 
Ulcerative colitis was found. Stomatitis was demonstrable on May 14 and .signs of pneu- 
monia were present in the lower lobe of tlie left lung the next moraing. Up to this time 
the daily volume of urine during this stay in the hospital varied from 800 to 1,500 cubic 
centimeters. From klay 14 until her death, eight days later, the patient lapsed periodically’ 
into semicoma, found it difficult to swallow food or fluids, and passed urine involuntarily’. She 
died at 6:40 a.k.. May 22. 



Fig. 13- — (Case 3.) Subacute glomerulonephritis. 

Differences of opinion were often expressed as to tlie clinical diagnosis of this pa- 
tient’s condition while she was under observation in the hospital. However, shortly before 
her death we were convinced that she was suffering from a general diffuse disease and that 
the skin lesion, colitis, diffuse nephritis, endocarditis and pericarditis were manifestations of 
the disorder which Libman and Sacksio first described in 1923 and since has been termed by 
many as the ' ‘ Libman-Sacks syndrome. 

Necropsy . — There was moderate pretibial edema. The peritoneal cavity contained 500 
c.c. of cloudy, opalescent fluid. There were fibrinous adhesions from the omentum to the 
bladder, descending colon, uterus, and anteriorly to the abdominal wall. The right pleural 
cavity contained 750 c.c. of fluid and flecks of fibrin. There were fibrinous adhesions between 
the pericardium and lung. The left pleural cavity contained 1,500 c.c. of dark amber fluid. 
The pericardial sac measured 16 cm. in transverse diameter and contained 250 c.c. of sanguine- 
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On April 19 a Soft .systolic inurnmr could be beard over the mitral region, of the heart. 
The patient complained of pain in the left side of the thorax and dyspnea. During the after- 
noon of April 20 her temperature rose to 102.6” F., and a definite precordial .friction mh 
developed and per.sisted for forty-eight hour.s. Elcctrocjirdiograni.'! taken on April 19, April 20j 
and April 21 were not .strikingly dilTerent from the initial electrocardiogram recorded two 



II, and IVE and the apex of the deflection was sharper (Fig. 11). From April 23 to 2(, in- 
clumve, no friction rub was heard and the temperature did not rise above 99” F. In the 
electrocardiogram recorded on April 26, a slight change or elevation in the configuration o 
the ES-T segment in Lead HI could be defined (Fig. 11). On April 28 and 29, a loud fnc 
tion rub was audible. On April 29 the patient’s temperature rose to 101.7” F. Ln t e 
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. The pleura of the lungs coutaihed . many petechiae. .There was . granular fibrinous 
exudate on the pleural surface of the right lower lobe. Eirm, nodular consoMated areas 
could be. felt in both lower lobes. The left lung was almost completely collapsed. , . ' 

The right kidney, weighed 170 grams and .the left weighed 191 grams. Aside frora a 
slightly granular surface and a few small petechiae, the kidneys were not remarkable grossly 
(Fig. 13). The brain ■ appeared grossly -normal except for a . few' small petechiae in the left 
basal nuclei,' ? ' . ■■ . .. "’r 
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Fjgr. 15. — (Case 3.) c. Myocarditis. Focal collection of polymorphonuclear cells and 
necrosis of muscle fibers can be noted (hematoxylin and eosin, X145I. b. Mitral endocarditis 
Fibrinoid degeneration of connective tissue, necrosis, and purulent exudate (hematoxylin and 

■ GOSin, ' , • ' : 

Sistdlogic Examination . — ^There was a thick fibrinous exudate over .the- pericardial, sur- 
faces. Organization, of tlus exudate by masses of fibroblasts was taking place ..(jPig. 14, a) . 
Although most of the fibrinous exudate was acidophilic, there were many masses and threads 
of 4brin which took the hematoxylin stain. Sections' of the left ventricle and auricle revealed 



Fig. 14 . — (Case 3.) a_, Pericarditis. Organization o£ the fibrinous exudate by 

blasts can be seen (hematoxylin and eosin; X130). b. Mural endocarditis. Edema anu 
fibrinopurulent exudate are shown .,( hematoxylin and eosin, Xl35). - - 

anterior leaflet (Pig. 12, &). Some of these vegetations extended over the surface of the 
leaflet and up on the auricular wall.. Similar granular but flatter vegetations were also found 
on the chordae tendineae. On the endocardial surface of the left ventricle, 2 cm. below the 
aortic valve,, there was a flat* granular mural vegetation. There were U fe.w small vegetations 
on hoth surfaces on the ;tricuspid. leaflet,. ‘ 
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had produced very cellular glomerular tufts aud occluiion of the capillaries. Fusion and 
necrosis of these endothelial cells and various portions of the tufts had occurred. Adhesions 
of the tuft to the capsule n'ere ohseryed frequently. Hyaline tliickening of the basement 
membrane of the capillaries (wire looping) and fibrous crescents were occasionally found. 
The tubules generally appeared normal. FT 02 en sections stained for fat revealed a mild 
degree of infiltration of fat into some of the epithelial cells of the convoluted tubules. A 
few tubules contained red blood cells and a few contained albuminous material. The arteries 
and veins appeared normal (Fig. 16, a and h). 

Section of the lung revealed a fibrinopurulent pleuritis, purulent bronchitis, and lobular 
pneumonia. In sections of the right main stem bronchus there was a bandlike area of fibrinoid 
degeneration and necrosis immediately beneath the epithelium. 

There was severe edema of the submucosa of the colon. 

The following diagnoses were made: (1) vegetative mitral, tricuspid, and mural endo- 
carditis; (2) fibrinous pericarditis, pleuritis, and peritonitis ; (3) subacute glomerulonephritis ; 
(4) bronchopneumonia; (5) focal myocarditis; (6) edema of mucosa of colon; (7) hj'per- 
trophy of heart; and (8) petechiae of left basal nuclei of brain. 

OBSERVATIONS 

Clinical Oh servaf ions. —It was possible in three cases, by clinical observa- 
tion, to recognize- the early development of acute pericarditis and follow its sub- 
sequent course. The initial rub over the precordium was first audible thirty 
days, seven days, and thirt3’‘-three days before death m Cases 1, 2, and 3, re- 
spectivel.y. This period of one to four and one-half weeks provided an unusual 
opportunity to study pericarditis during its entire course. Observations, in- 
cluding electrocardiograms, wdiich could be used as controls were made in two 
eases during a previous visit of the patients to the clinic and in all three cases 
at the time of last admission to the hospital. In Case 2, in whicli the patient 
made only one visit to the clinic, clinical, chemical, and electrocardiographic 
observations extended over a period of forty days before the onset of peri- 
carditis. 

Cases 1 and 2 presented the clinical features so often seen in terminal 
chronic uremia. 'Perhaps the most strildng objective development in these two 
cases was that of a diffuse membranous stomatitis, so-called uremic frost. It 
occurred in each instance at approximately the time of onset of the pericarditis. 
The toxemia due to uremia wms severe, as indicated by convulsive seizures and 
mental disturbances. A noticeable increase in temperature occurred with the 
onset of pericarditis. It is of some interest that in Case 1 after the initial 
development of pericarditis there followed an interim period of fourteen days 
during which the temperature fell to the nonnal level and the pericardial rub 
w^as no longer audible. Subsequently, a rise in temperature accompanied the 
recurrence of the nib.'^In contrast, in Case 2 the signs of pericarditis persisted 
from onset throughout the course. In the experience of most observers this 
is the usual course of events in similar cases. In Case 3 the primai*y cause of 
renal, pericardial, and other pathologic lesions is the little-understood etiological 
factor in the Libman-Sacks syndrome.'®- " Therefore, toxemia of uremia°was 
probably a secondary and minor causative factor.'® In this case the pericardial 
rub and increase of body temperature occurred almost simultaneously. These 
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a fibrinopurulent exudate on the endocardial surface (Fig, 14, &). In the, myocardium tW 
were liyahno thrombi in small vessels and focal and interstitial collections of polymorphonu 
■clear cells with necrosis of some muscle fibers (Fig. 15, a).- In sections, of the mitral valve, 
the vegetations were found to consist largely of fibrinopurulent exudate (Fig. 15, 6) 



Fig. 16. — (Case 3.) a and b. Subacute glomerulonephritis. Proliferation of endothelial cells, 
fusion,, and focal necrosis {a, hematoxylin and eosin, X90; b, X325). •, 


There were patches of fibrinoid degeneration of the connective tissue Of the leaflet with 
actual necrosis in some places. Large numbers of polymorphonuclear cells were present m 
these areas. In addition to these foci there was an acute diffuse inflammation of the entire 
leaflet. The latter was well vascularized by capillaries as well as by arteries arid veins. The, 
tricuspid valve was the seat of a similar but less extensive inflammatory process.. 

In sections of the kidney no normal glomeruli could be found. The. most pronounced 
change was an extensive increase in the number of endothelial cells in the capillaries. This 
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are not ■dxcepti6nally 'great>'^- However, :iii Cases 1 and '2,^116 clianges' were of 
sufficient extent to be definitive,^® and in all' tliree casesj sfich alterations 'as di^. 
occur ^vere coincidental; mtli tlie other manifestations of the pericarditis.’' In 
Case 2, slight changes appeared in , the electrocardiogram five" days before' a 
friction rub was audible. In Ca^ l no , definite electrocardiographic changes 
were Teeorded until five days after a friction rub was first heard, “^n general,, 

. however, the period bf maxhnal intensity of the friction rub coincided vdth tlie 
occun’ence of maximal electrocardiographic changes of the” type , associated with 
pericarditis.' It is of interest that in Cases 1 and 3 both the friction rub and 
Ibe electrocardiographic changes disappeared only to reappear at a later time 
(Table Vy,/' . ' , ./ .• 

"TABIiE V.- EELATION of AUDiBLte PERICARDIAL EOB- AND BODY TEMPERATURE TO .ELECTRO.' 

. CARDIOGRAPHIC DATA . ' .. . 





, BODY . 

|. ELECTROCARDIOGRAM t ; '' 

• , 



TEMPERATURE, 




! ’■ - 


DAILY MAX- 






IMUM • 

RS-T SEGMENT 

■ T-WAVE ■ ■ '■ 

CASE, ■ 

DATE 

PERIC^DIAL RUB* 

(“F.) 

AI.TERATIONS 

ALTERATIONS 


IMS 
6/11 
6/16 
6/17 
' 6/21 
6/23 
6/24 
6/25 
6/28 
7/ 2 
7/ 7 
,7/ 8 
■ 7/14 


Inaudible 
Distinct} • 
Inaudible 
Loud 
Loud 
Loud (4) 
Inaudible 
Inaudible 
Inaudible 
Inaudible (13) 
. Loud 


99 

98.6 
100 
100.2 

99.4 

99.4 

98.6 

98.6 
98.6 

100 

99 

100.2 


1M4 

2/11 
. 2/16 

2/20 
• 2/21 

2/23 

2/25 

■ 2/26' " 
2/27 . 

, Inaudible 
Inaudible 
Inaudible (10) 
Loud 

Loud 

Loud 

Loud • 

Loud (7) 

97.4 

99.4 

100.6 

100.6 

100 

99 

' 98.4 

98 

■ 0 ■ 

+ 

4* 

+ • 

•f 

4* 

o- 

+ 

A. 

'+ ■ 

2/28 

Inaudible 

97 

0 . 

.0 

4/19 

Inaudible 

103.4 

0 

- 4- ' 

4/20 

Loud 

102.6 

■ ... O' 


' 4/21 

.Loud 

. 99.4 

0 


4/22 

Loud (3) 

98.7 



4/24 

Inaudible 

98.6 

0 


4/26 

Inaudible 

, • 98.6 

i +■ ■ 

4- 


4/27 
,4/28 
4/29 
5/ 1 
5/ 3 
5/ 6 
5/ 8 


Loud 
Loud (2) 
Inaudible 
Inaudible (3) 
Loud , (3) 
Inaudible (2) 


99 

99.6 

101.7 

98.8 

100.4 

102 

100.4 


- ‘The numbers in parentheses indicate the number of consecutive davs - in u'hich. the 
condition -was present. . . . 

-V ■, to , No distincUve alterations. + = ElevaOon of RS-T segment or T -wave +‘'— Tso- 
electric HS-T segment or isoelectric or diphasic T -vvave., iso 

tPistinct but riot , loud rub. . ‘ • . . / - ' , ' T , 
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were intermittent as' in Case 1. The increase in temperature, however, was'more 
_definite than in Cases 1 and 2. The course of the pericarditis in Case 3 was the - 
longest. The development of stomatitis and mild colitis during the course' of 
. the pericarditis is of interest. 

Chemical. Studies of Blood and Urine. — ^The greatest alterations in the , . 
blood and urine occurred in Case 1. The concentrations of urea, creatinine, 
sidfate, and phosphorus in the blood were extremelj' high throughoiit the last 
illness (Table I). The lipoid content of the plasma Avas also increased. The , 
concentration of potassium in the serum varied from an abnormally low con- 
tent to a slight increase above the noimal. The decrease -in concentration of, 
hemoglobin, chloride, sodium, and calcium in whole blood, plasma, and serum 
\yas also typical of severe uremia. ' Hypoproteinemia was moderate in degree 
and there was slight, if any, tendency to acidosis, the carbon dioxide combining. , 
poAver varying from 62 to 38 volumes in 100 cubic centimeters. The balance 
of total basic to acid ions is distinetl 3 ’' on the basic side (Table II). The excre- , 
tion of protein in the urine Avas considerable, amounting to about 1 to 2 Gm. in 
100. cubic centimeters. 

In Case 2 also the chemical cAddence of uremia Avas definite. HoAvever, the 

- urea, creatinine, sulfate, and phosphorus indicated less renal insufficiency than 
'in same period of illness in Case 1. The rise in potassium was somewhat greater . . 

than in Case 1. There Avas only a slight increase in plasma lipoids. The \ 
h 5 T)Oproteinemia Avas moderate in degree. In addition to. the anticipated de-' 
crease in concentration of hemoglobin, chlorides, and sodium, definite acidosis 
Avas present as demonstrated by the carbon dioxide combining poAA^er of the 

- plasma of 24 volumes in 100 c.c. on the day of death. This finding differs from ■ 

I that in Case 1 in Avhich there Avas little or no acidosis. The protein content of- 

the urine (0.3 Gm. in 100 c.c.) Avas also distinctly less than in Case 1. / 

The alterations in the blood in Case 3 reveal a distinctly milder degree of 
- uremia than in the other tAA'o cases.*^ Urea, creatinine, and sulfate rose only 
to 164, 2.5, and 11.4 mg., respectively. The potassium concentration fluctuated 
at the upper limit of normal. There was a definite increase, greater than m 
. Oases 1 and 2, in all the lipoid fractions of the plasma. The reduction 
in the content of serum protein and albumin aa^s considerable. These altera- 
tions- in protein and lipoid content Avere in harmony AAuth the distinct tendency: 
to nephrosis in this patient. The terminal reduction in the hemoglobin in Case 
: 3 was distinctly less than in the other' tAvo cases. This finding, together AAitli 
' the observation that the hemoglobin increased rapidly after transfusions during, 
the patient’s first visit, indicates a much less toxic condition of the bone marroAV 
than' is -usually the case in chronic, severe -uremia' (Cases 1 and 2), The con- 
centration of protein in the urine at the time of the patient’s fif^ admission 
was considerable, varying from 0.2 to 0.8 Gm. in 100 cubic centiiheters. There 
was additional evidence as late as one month before the onset of pericarditis 
. that renal function Avas not as severely impaired as in Cases 1 and 2; for at that 
time the standard urea clearance was 37 c.c., an approximately normal value. 
/~\/Electrocardio graphic Observations.— The degree of ES-T segment. eEvation 
and the changes' in T-Avave configuration in the electrocardiograms reproduced , 
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by Chauffard and Hnber/® Marantis,^® Leplat,^^ and Barach.^^ The present 
study goes further in revealing both clinical and electrocardiographic evidence 
that pericarditis can occur, subside, and recur in the same uremic patient. The 
pathologic lesions found at necropsy in Case 1, after pericarditis had been 
present intermittently for one month, were compatible with an intermittent 
course. 

The comparatively slight changes in the electrocardiogram throughout the 
course of the pericarditis in Case 3 indicate that persistent fibrinous pericarditis 
of considerable degree can take place with minimal electrocardiographic altera- 
tions. *^This suggests^ the possibility that demonstrable electrocardiographic 
changes may be entirely absent in acute pericarditis. Such a suggestion is con- 
sistent with the observations of previous investigators.^® This study of three 
eases emphasizes that during the course of uremic pericarditis only minimal 
disturbances may occur in the distribution of the electrical potentials developed 
in the heart. 

'^The variability among cases in the degree of electrocardiographic changes 
occurring during episodes of pericarditis is not readily explained. Since only 
small , amounts of fluid were found in the pericardial sac in all three cases, the 
presence or absence of electrocardiographic changes can not be ascribed to 
cardiac tamponade, nor is the variability in eleetrocardiograpliic changes to be 
accounted for solely on the basis of existence of myocarditis.®® In only one of 
the three cases (Case 3) was there histologic evidence of myocarditis, and it was 
in this case that electrocardiographic indications of pericarditis were appreciable 
only on closest scrutiny of serial tracings.' Electrocardiograms were taken at 
relatively short intervals before, during, and after the friction rub could be 
heard. When electrocardiographic alterations occurred, they evolved slowly. 
Hence, it is unlikely that significant changes in the distribution of electrical 
potentials existed for some brief interval but were not recorded.-^ 

y^Tust why in some cases the potentials which develop after cellular injury 
are productive of significant electrocardiographic changes, whereas in other 
cases they are not, remains an unanswered question. Perhaps, the solution 
should be sought in a study of the speed with which the pericarditis and the 
attendant cellular injury progress and regress. But that a complete answer 
would be obtained by such a study appears doubtful. 

The actual cause of pericarditis in uremia is not understood. Several 
possible factors can be eliminated in our cases. Syphilis and tuberculosis were 
absent. There were no evidences of septicemia in Cases 1 and 3. The pathologic 
and bacleriologic studies ofiBarach®® show that uremic pericarditis may have an 
infectious origin in some cases while in others no bacteria or tissue reactions of 
infection are present. The histologic lesion in Case 2 is suggestive of an in- 
fectious process, but similar changes were absent in Cases 1 and 3. *'^Vhat 
then can be the toxic etiological factor? This question was raised by Duhot and 
HaUez in 1913.®* The presence of a definite acidosis in the blood in certain of 
his cases led Baraeh to consider acidosis as a possible toxic factor. But the 
findings of several subsequent investigators indicate that grave uremia can be 
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Pathologic Observations . — The gross appearance of the pericardial inflam- 
mation varied greatly.*"*’ *“ In Case 1 the exudate was predominantly hemor- 
rhagic ; in Case 2 it was purulent ; and in the third case it was fibrinous. The 
histologic study of the inflammatory process did not answer the question of 
what etiological factors were concerned. The exudate in Case 1 was more hemor- 
rhagic than is usually observed in so-called uremic or “chemical” pericarditis, 
but no apparent reason for this could be demonstrated histologically. In Case 
2 the purulent character of the exudate coincided with the finding of colonies of 
bacteria which were gram-positive cocci. The exact nature of the organisms 
could not be determined because cultures were not obtained. The possibility 
that they were post-mortem invaders must be considered. No organisms could 
be demonstrated in Case 3. In all three cases the well-developed organization 
of the pericardial exudate indicated that the inflammatory process had been 
present for some time. In Case 1, in addition to the exudative lesion, there 
were organizing fibrinous adhesions which suggested a healing process. These 
findings support the clinical obseiwations of initial pericarditis, remission, and 
later recurrence, hijmeardial lesions were found only in Case 3. 

The renal lesions deserve comment. In Case 1 there was typical glomerulo- 
nephritis. The fact that lesions identical with those described as Kimmelstiel- 
Wilson’s disease® were also present emphasizes the nonspecific character of so- 
called intcreapillai’y glomerulosclerosis. Identical lesions have also been obsenmd 
bj’- others in cases of hypertension and cases of glomerulonephritis without 
diabetes.*® The fact that no normal glomeruli could be found gives histologic 
support to the clinical diagnosis of renal insufficiency. The renal lesions in 
Case 2 were largely those of active and healed pyelonephritis. The possibilit.v 
that chronic glomeinilonephritis also was present cannot be entirely dismissed 
since few normal glomeruli could be found. Nevertheless, it is well kno\ni 
that glomerular destruction also occurs extensively in pyelonephritis. The 
renal lesions in Case 3 represented a more recent inflammatory process than was 
present in Cases 1 and 2. The lesions were much moi‘e extensive than those 
usually obsen’ed in lupus erythematosus or Libman-Sacks disease. The diffuse 
XJroIiferation of the endothelium of the glomerular capillaries, the focal necrosis 
of portions of the glomerular tuft, and the occasional occurrence of hyaline 
thrombi in the glomerular capillaries and afferent arterioles resembled strongly 
the type of lesion found in subacute bacterial endocarditis. Nevertheless, 
similar lesions have been observed in eases of lupus erythematosus in the ab- 
sence of endocarditis*" and in uncomplicated glomerulonephx'itis. The histologic 
features of the cardiac lesions of this ease and the persistently negative blood 
cultures were consistent w'ith a diagnosis of lupus erythematosus or Libman- 
Sacks disease. 

COMAIENT 

'^The occurrence of pericarditis in chronic uremia has in the past been con- 
sidered a final incident in the course of tlie disease.*® There is evidence, how- 
ever, that, even in the late stages of chronic uremia, pericarditis may develop 
and run its course and healing -may take place. Such eases have been reported 
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and Its Use in the Clinical Laboratory, Am. J. Clin. Path. 3: 405, 1933. 
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ed. 3, New York, 1922, D. Appleton-Centurj- Company*, pp. 149, 245, and 247. 
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System of Blood Phosphorus Analj'.sis, J. Lab. & Clin. kled. 16; 158, 1930. Modified 
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Pla.sma, 1. Biol. Chem. 77 : 53, 1928. 
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present in the absence of severe aeidosis.^“ This fact receives • added -eonfima^ 
lion in the .data recorded in Case 1. Other significant alterations of the in- 
organic ions in the blood occur in uremja. These include a decrease in concentra- 
tion of chloride, sodium, and calcium and increase in the concentration of 
phosphate, sulfate, and potassium. In our cases none of these changes, single 
or combined, appear to have definite significance as a cause of the pericarditis. 
The actual concentration of serum potassium in this series is interesting.. Only 
in Case 2 did the seram potassium increase apprceialily. The Mghest level was 
25.6 mg. in 100 c.c., and this concentration does not usuallj’’ lead to alterations 
in electrocardiographic tracings such as occur in pericarditis. It is interesting 
that when both potassium intoxication (serum potassium, 40 mg. jn 100 c.c.) 
and pericarditis occurred in one of our patients in a former series of cas^^of 
uremia, the electrocardiogram .revealed inriaventrieular bloelc, but no RS-T 
segment changes typical of pericarditis.^® Therefoi-e, the concentration of 
potassium ions in the serum is not a decisive factor in the development of the 
electrocardiographic changes characteristic of pericarditis.’^ 

- New microehemieal methods have greatly increased knowledge-'of the -many 
chemical alterations that can occur in chronic uremia, but to date no altera tihn 
in a single chemical constituent, nor a combination of changes in the blood has 
been found which invariably accompanies the clinical picture of ui’emia includ- 
ing pericarditis. All the kno^vn data support the conception of chemicaluremia 
in which infection may play a secondary role. ‘ 

CONCLUSIONS . . 

Acute pericarditis oceui-s frequently in elironic uremia. Clinical, electro- 
cardiographic, and pathologic studies indicate that uremic pericarditis is a 
process which undergoes exacerbations and remissions and may even heal. It is 
an incident in the course of advanced renal insufficiency, but nori inevitably 
a terminal incident. Like so many of the complications of uremia, its actual 
etiology is still unknomi. However, the greatly altered chemistry present in the 
uremic patient must be an important etiological factor. 
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PAROXYSLIAL VENTRICULAR TACHYCARDIA 

J. Freundlich, M.D. 

Vancoutor, B. C. 

C linical experience lias led us to regard paroxj^smal ventricular tachy- 
cardia as a very serious condition. This arrhythmia is usually associated 
with acute myocardial infarction or with digitalis intoxication and may be fol- 
lowed by ventricular fibrillation and death. However, a few instances of 
paroxysmal ventricular tachycardia have been reported in which there were no 
signs of organic heart disease. 

The purpose of this communication is to report four unusual instances of 
ventricular tachycardia from which the patients recovered. In one instance, 
the tachycardia complicated m 3 >-oeardial infarction and persisted for twenty-six 
days. In another (Case 4), the electrocardiogram showed the rarely occurring 
condition of alternating direction of ventricular complexes during the paroxj^s- 
mal tachycardia. In the other two (Cases 2 and 3), the attacks occurred in pa- 
tients vdthout organic heart disease. 

Case 1. — J. G., a 54-year-old fai-mer, gave a history of scarlet fever at the age of 14 
years. There was no history of rheumatic fever. In January, 1941, he noticed a heavy 
pressure in the cardiac region, especially after meals. The pressure gradually be- 
came continuous, very severe, and was accompanied by pain radiating to both arms. 
He remained in bed for two months. He took 0.1 Gni. (1% grains) of digitalis 
twice daily for eleven months. On Dec. 5, 1941, he suddenly felt a “flushing sensation” in 
tho chest for which he was hospitalized. He had suffered no definite pain and only slight 
shortness of breath. 

Examination revealed a strongly built man whose height was 5 feet 8 inches and whose 
weight was 178 pounds. There was slight pallor and .slight engorgement of the cervical veins. 
The heart was not enlarged ; the rhji;hm was regular, and the rate was 180 per minute. The 
sounds were of normal quality. The second aortic and pulmonic sounds were faint. The blood 
pressure was 90/70. The physical examination was otherwise negative. 

The temperature, sedimentation rate, and white blood count were normal. The Kahn 
test was negative. Carotid sinus and ocular pres.sure had no influence on the cardiac rate. 
The eleetroeardiograra showed ventricular tachycardia (Eig. 1, o). 

An intravenous injection of 10 c.c. of 25 per cent magnesium sulfate had no effect. 
Quinidine sulfate was then administered in doses of 0 giains every four hours, a total daily 
dose of 36 grains. Since this dosage proved ineffective, it was increased on the seventh 
day to 8 grains every four hours (total daily dose, 48 grains). This dosage also failed to 
control the attack (Eig. 1, &)• 

Digitalis was then given in doses of 3 grains twice daily, but was discontinued after three 
days because of nausea and vomiting. On the fifteenth day, quinine dihydrochloride in a 
dose of 7% grains was given intramuscularly and 8 grains of quinidine sulfate were admin- 
istered orally every four hours. Both drugs were W'ell tolerated by the patient, but the at- 
tack remained uncontrolled. During tho following days the intramuscular injection of quinine 

couve^^B^ ^he Royal Columbian Hospital. New Westminster, and St. Paul’s Hospital, Van- 
Received for publication Sept. 22, 1945. 
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Potasjiium. — ^IvTamor, JBonjamin, and Tisdull, P. F.: A Clinical Method for the Quanti- 
tative Determination of Potassium in Small Amounts of Serum, J. Biol. Chem 46: 
339, 1921. 

This method in our hands has checked with gravimetric procedures. The precipitation 
by sodium cobaltinitrite was allowed to proceed for forty-five minutes at icebox 
temperature in order to obtain a good, granular precipitate. If this and other 
steps are rigorously adhered to, tlie method is satisfactoiy. 

Sodium. — ^Kramer, Benjamin, and . Gittioman, I.: An lodometric Method for the Determina- 
tion of Sodium in Small Amounts of Scrum, J. Biol. Chem. 62: 3.53, 1924. 

Calcium. — Clorh, E. P., and Collip, J. B.: A Study of the Tisdall Method for the De- 
termination of Blood Serum Calcium With a Suggested Modification, J, Biol. 
Chem. 63: 461, 192,5. 

!Magncsium. — ^Kramer, Benjamin^ and Tisdall, P. F.: The Direct Quantitative Determina- 
tion of Sodium, Potas-sium, Calcium and Jlagnesium in Small Amounts of Blood, 
J. Biol. Chem. 48; 223, 1921. 

Phosphorus. — ^Kuttner, Theodore, and Lichtenstein, Louis: AKcro Colorimetric Studio's. 
11. Estimation of Pho.'jphorus: Molj-bdie Acid-Stannous Chloride Beagent, J. 
Biol. Chem. 86; 671, 1930. 

Sulfate. — ^Power, M. H., and Wakefield, E. G.: A Volumetric Benzidine Method for the 
Determination of Inorganic and Ethereal Sulfate in Serum, J. Biol. Chem. 123: 
66.3, 1938. 

Urine 

Total nitrogen. — ^Ivjeldahl, J.: Ncue Jfethode zur Be.stimmung des Stickstolfs in organ- 
ischen Korpern, Ztschr. f. anal. Chem. Wiesb. 22: 366, 1883. 

Urea. — Same method as for estimation in whole blood. 

Total proteins. — Macro-Kjeldahl method for estimation of total nitrogen. Estimation of 
nonprotein nitrogen by niacro-Kjcldahl method after precipitating the protein by 
Polin 's tungstic acid reagent method. Total proteins calculated after subtracting 
the nonprotein nitrogen from the total nitrogen and multiplying by 6.25, 
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(0.14 Fccond), a sliglitly depressed ES-T segment in Lead I, and elevated ES-T segments 
in Leads n and in (Fig. 1, c). ’ ; , ‘ ' 

During the following three days the patient was given three grains of quinidine sulfate 
once daily. He felt well except for slight nausea and, troublesome hiccups. ‘The cardiac rate 
averaged 84 per minute. The blood pressure was 105/60. . The temperature, sedimentation 
rate, and white blood count were normal. On the fourtli day after the cessation of .the -at- 
tack the patient was seized at 8 a.m. mth another attack of paroxysmal taclij’cardia. The 
electrocardiogram showed the -same form of 'ventricular tachycardia as had been recorded 
previously. 

The patient was immediately given 9 grains of quinidine sulfate orally. Two hours 
later he was given 12 grains orally. Since the tachycardia was unaffected, an oral dose of 
12 grains was repeated two hours later and at the same time an intramuscular injection of 
7% gi’ains of quinine dihydrochloride was given. The patient felt slightly nauseated; two 
hours after the last administration normal rhythm reappeared. The heart rate was 90 per ' 
minute, the blood pressure was 100/60, and the electrocardiogram was similar to that taken 
after the first attack. 

On the following days the patient felt well. The blood pressure gradually rose tm 
125/90. The electrocardiogram remained unchanged, except for the T wave in Lead I, wliicli 
became distinctly negative (Fig. 1, d). The patient received six grains of quinidine sulfate ' 
once daily until he was discharged sixteen days after the second attack. ' ’ 

Subsequent ‘Course . — The tachycardia did not reappear. The electrocardiogram' showed ' 
the pattern of posterior waE myocardial infarction (Fig. 1, e). The patient felt well during " 
the following three I’ears, until October, 1944, when he suffered an attack of myocardial 
infarction. The eleetfoeardiogram showed small, notched QES complexes in all' three leads 
and a small E wave in the chest loads (Fig. 1, /). He responded well to treatment and has 
no discomfort at present. - , ■ - * 

' . V 

" j ' -is 

Cask 2. — L. D., a 39 -year-old laborer, gave a history of pneumonia in childhood, an ap-. / 

- pendeetomy at the age of 23, and gonorrhea at the age of 29 years. There was no history of 
rheumatic fever. He smoked ten cigarettes daily and took no alcohol. 

In 1937, when he was 35 years of age,- he experienced a sudden attack of palpitation 
while worldng. The attack lasted a few minutes and disappeared suddenly. From that time 
on the attacks, occurred almost/every week and lasted for two or three days. After the attack 
subsided the patient felt well and was able to resume his ivork. 

On May 15, 1941, the heart was normal in size, the rhythm was regular, and the rate 
was 240 per minute. The heart sounds were normal, and the blood pressure was 100/60. The 
remainder of the examination -^-as negative. The sedimentation rate and white blood count ' 
were’ normal. The Kalm test ivas negatii^. The electrocardiogram show’cd ventricular taehj’-- ’ 
cardia with a ventricular rate of 240 per minute (Fig. 2, a). The P waves were deafly vis- 
ible. The auricular rate was 100 per minute. Carotid sinus and' ocular pressure had no in- 7 
fluence on the cardiac rate. ' , , - . 

The patient was given 6 grains of quinidine sulfate every" three hours ; after the third ' 
dose the attack subsided. The electrocardiogram showed regular ' sinus rhythm, ''a -normal, f 
P^E interval, and a normal QES complex. The T waves were of low amplitude, and slightly-,. ' 
Inverted in Lead I, and of increased amplitude in Leads II and IIL - In the chest.leads the" 

E wave was absent and the T wave was inverted (Fig. 2, h). Hifi’e- days' later the standard 
leads were normal but the E wmve was still small in the chest leads- After^'two more davs • 
the electrocardiogram was normal (Fig. 2, c and d). , . - ; ' 'l' 

A single dose of six grains of quinidine sulfate was given daily' for th'e f oIlo\ving ‘two 
weeks. Since the patient remained free of attacks he was disclm-ged fi*-om the hospital at 
end of this period. Wlien he was seen two months later he stated that^he feltj-well and, had '-“ '^7. 
gained weight, but that he experienced frequent short attaclcs of tacliycardia if quinidine was 
discontinued. A single dose of less than 9 grains had no effect on these attacks. 

<\\SE 3. — J. E. A., 38, a housewife, was first seen on Sept. 3, 1942. She gave no his-' 
tory 'Of rheumatic fever or of infectious diseases. After the birth of ‘her second child in 
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: dihydrocMoride { 7^2 grains) was continued, and tlic oral dose of quinidine sulfate was in- 
' creased to 8 grains every three hours. On the twentieth day the dose of 'quinidine sulfate 
was increased to 15 grains every three hours, but the attack persisted. • . 



■ On the twenty-sixth day, in view of the Continuous tachycardia, 30 grains of qilinidiiie 
sulfate were given' in a single dose at 10 A.sri Two hours later, since the rhythm was un-, 
affected, 'another' dose of 30 grains -ums given. One hour later the patient developed un 
ashen pallor, perspired profusely, became nauseated, and vomited a large amount of undigeste 
food. At 5 p.M. a sudden change in rhythm occurred. The cardiac action :be(mme regular, 
with a rate of 80 beats per minute. The blood pressure was 85/55. The. electrocardiogram 
■ showed regular sinus rhythm, a normal P-B inteiwal, notched and widened QES complex 
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blood count, and sedimentation rate were normal. The Kahn test was negative. The electro 
cardiogram was normal (Fig. 3, «). 

: On the follomng day, after a short walk, the patient noticed frequent irregular beats 

An electrocardiogram showed coupled and quadrupled ventricular extrasystoles (Fig. 3, b). 
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During the electrocardiographic registration she was seized with a sudden attack of ventricu- 
lar tachycardia which lasted about ten minutes (Fig. 3, e). Carotid sinus and- ocular pre.s- 
sure did ..not affect the paroxysm. The attack subsided suddenly. An electrocardiogram 
made after the attack showed a low T wave in Lead II, and a slight inversion of the T wave 
in Lead III which became more distinct on the following day (Fig. 3, d). 

During the following ten days, during which she was hospitalized, the patient was 
given estradiol intramuscularly and 3 grains of quinidine sulfate four times daily. She ex- 




a;merican. heart journal 


1936, she experienced for the first time a short attack of palpitation which lasted a few min- 
utes. In 1941 and during the following years the attacks of palpitation became more fre- 
quent. They were particularly troublesome during the week preceding her menses, when an 
attack would last almost an entire day. The patient described the attack as a sudden ap- 
pearance of irregular beats which were followed sometimes bj- a rapid beating of the heart 
which provided a brief fainting spell. 
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in the chest leads disappeared. Thus the pattern of the eleetrocardiogram be- 
came similar to that of anterior myocardial infarction (Fig. 2, h). 

The occurrence of inverted T waves following aii attack of paroxysmal tachy- 
cardia has been previously described, but opinion as to the interpretation of 
this phenomenon is still not uniform. In Cases 2 and 3 the inverted T waves 
disappeared after ten days and three weeks, respectively, and the electrocardio- 
grams became normal. The short duration of the abnormal electrocardiograms 
suggests that they are due to myocardial ischemia caused by the paroxysmal 
attack. The absence of the R wave in the chest leads indicates that the ischemia 
affected the anterior wall. 

The ventricular tachycardia with alternating form of the ventricular com- 
plexes, noted in Case 4, usually occurs in patients who have severe myocardial 
damage and are under digitalis therapy.^* It is generally considered 

a fatal condition; in fact, in all the reported cases except one,^® death has oc- 
curred either during the attack or Avitliin a short period thereafter. 

Various explanations of the mechanism of the alternating form of paroxys- 
mal wentricular tachycardia have been offered. One theorj’- is that two inde- 
pendent foci, one in each ventricle, alternately initiate the contractions. Ac- 
cording to another theory, the cardiac impulse arises in a single focus situated 
at the bifurcation of the bundle of His and, due to a defect in the bundle 
branches, the impulse is transmitted alternately over the right and left branches," 
thereby producing the picture of bundle branch block.-* ^®* The possibility 
of a double ventricular circus movement has also been suggested.^^ 

The absolute regularity of the rhythm in -these tachycardias leads us to 
favor the theory of a single focus, since the assumption that two independent 
foci are present would make it difficult to explain the regular rhythm.®® Scherf 
and Easch,®® in a careful analysis of their cases, have been able to demonstrate 
that the stimuli originate in one center and that the change in the foim of the 
ventricular complexes is due to disturbance of the intraventrieular conduction. 
The regular rhythm in the paroxysmal tachycardia supports the view of a 
single focus with impairment of the bundle branch conduction. 

TREATMENT 

Although the value of quinidine sulfate in the treatment of attacks of 
paroxysmal tachycardia is generally recognized, there is still some difference 
of opinion with regard to its usefulness, the dosage, and the mode of admin- 
istration.®* ®*-^® The usual dose varies between 5 and 15 grains, given orally 
at intervals of two or three hours. Rarely is a single dose exceeding 20 grains 
recommended, although a single dose of 40 grains has been reported.^® If oral 
administration remains ineffective, intramuscular or intravenous injection of 
quinidine dihydroehloride is recommended. Intramuscular injection of quini- 
dine dihydroehloride was without effect in Case 1. However, Riseman and 
LinenthaP^ report that it is helpful in cases in which vomiting or poor ab- 
sorption from the gastromtestinal tract is present. 

. In view of the extreme danger and risk attending the intravenous injec- 
tion of quinine, it is advisable to abandon this method of administration. In - 
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perienced no attacks and had no complaints even after an hour’s walk. When the patient 'was 
seen two weeks later, after discharge from the hospital, she stated that the irregular beats 
still occurred for short periods and were followed by attacks of rapid palpitation. 

During this period she had been taking 3 grains of quinidine sulfate twice daily. This 
was increased to 9 grains taken as a single daily dose. "Wlien seen six .weeks later the pa- 
tient stated that the dose of 9 grains was well tolerated and that she had experienced no 
further irregular beats. - ' 

Case 4. — The patient, a 57-year-old man, suffered from cardiac failure due to hyper- 
tensive heart disease. Cheyne-Stokes breathing, hydrothorax, edema, and auricular fibrilla- 
tion were present. He was extremely sensitive to digitalis. Even a single dose of 1% grains 
caused nausea and vomiting. Wlien he was given 1% grains twice daily, he developed a 
sudden attack of tachycardia which the electrocardiogram showed to be of ventricular origin 
and which was characterized by alternating direction of the ventricular complexes (Pig. 4, a). 
Intravenous injection of 10 c.c. of 25 per cent magnesium sulfate stopped the attack. How- 
ever, after approximately three minutes the tachycardia reappeared. For a brief period the 
ventricular complexes were bidirectional. Soon, however, the ventricular beats became uni- 
directional (Fig. 4, b). Di^talis was discontinued and 9 grains of quinidine were given 
orally. The attack stopped after two hours. During the following seven days, 3 grains of 
quinidine were given once dailj-. The attack did not reappear. The patient improved gradu- 
ally, and when last observed, six months after the original seizure, was in fairly "good con- 
dition. - - 

DISCUSSION 

The striking feature of the clinical picture in Case 1 was the complete ab- 
sence of serious distress during the twenty-six days of the paroxysm. In spite 
of the long duration of the attack there w’ere no signs of heart failure. There 
is a general impression that a severely in.iured heart cannot long maintain a 
ventricular rate of 150 to 200. However, Fishberg^^ emphasizes that in a vast 
' majority of attaclis of paroxysmal tachycardia, even in those with a rate above 
200, there are no signs of cireulatoiy failure. After cessation of the attack the 
electrocardiogram showed the characteristic tracing of posterior myocardial in- 
farction. The occurrence of ventricular tachycardia with myocardial- infarc- 
tion is not uncommon, but it is usually associated with a recent myocardial 
lesion. In Case 1, however, the clinical and laboratory findings did not give 
evidence of acute myocardial lesion. The temperature, sedimentation rate, and 
white blood count were normal. It seems probable, therefore, that the sensitiza- 
tion of ventricular foci by the excessive use of digitalis was responsible for the 
attack. It is well known that a small dose of digitalis 'taken over a long period 
of time may produce a more severe intoxication than a large dose taken Jor a 
short time. 

In Cases 2 and 3 there was no evidence of cardiac damage. No cause for 
the attacks could be foimd, except possibly in Case 3, where an increase in fre- 
quency and duration of the attacks was associated ^vith the premenstrual cycle. 
The patients were 39 and 38 years of age, re.spectively. Both were able to con- 
tinue their work after the tachycardia subsided. The electrocardiogram taken 
after the cessation of the attack in Case 2 showed inverted T waves in Lead I 
and in the chest leads, and that taken in Case 3 showed inverted T waves in 
Leads II and III. It was interesting to note that after the attack not onlj’’ did 
the T waves in Lead I and in the chest leads become inverted, but the R wave 



ELECTRO CAEDIOGEAPHIC STUDIES DURING AND AFTER 
PNEUMOCOCCUS PNEUMONIA 
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New York, N. Y., and Willlvm H. Walker, M.D., Albany, N. i . 

R eported studies show that pneumonia may be accompanied by electro- 
cardiographic deviations from the “normal.”'"'’ " These include changes 
in the heart rate and rhythm as well as significant variations in the P wave, 
T wave, RS-T segment, and various components of the QRS complex. The 
recorded incidence of such changes has varied widely, apparently depending 
on such factors as selection of eases, severity of pneumonia, time of study in 
relation to the course of the disease, and length of observation. The reported 
incidence of T-wave inversion in Leads I and II of the electrocardiogram has 
varied between 2.4 per eenU and 27.1 per cent.® Significant P-R interval pro- 
longation has varied between 6.9 per cent® and 35 per cent." In some instances, 
the electrocardiographic changes were such that they were interpreted as be- 
ing due to myocardial disease.^'*’ ® The electrocardiogi’aphic studies reported 
thus far have been based almost entirely on tracings obtained from the stand- 
ard leads. 

In tliis study, which is a part of a general study of the circulation in pneu- 
mococcus pneumonia,' the precordial Lead WP® was recorded as well as the 
standard limb leads. Serial electrocardiograms including standard and chest 
leads were made routinely on pneumonia patients upon admission to the hospital 
and at frequent intervals during the disease and after recovery. Each record 
was taken with the patient in the supine position at an angle of about 30 degrees 
with the horizontal. In order to keep the chest electrode at a constant point 
for serial examinations, its position was marked by the intra cutaneous injec- 
tion of the blue dye, T-1824, which remains at the site of injection for se\^- 
eral weeks. 


This report is based upon a study of 449 electrocardiograms. Four him- 
dred and thirty of these tracings were made on 82 patients who surwved 
pneumonia and who had at least one electrocardiogram taken during the dis- 
ease and one after recovery (the number per patient varied between two and 
16). Nineteen of the electrocardiograms were made on 10 patients who died 
of pneumonia. Each of the patients in the study had pneumococcus pneu- 
monia, proved baeteriologically by study of sputum and blood. In each in- 
stance the clinical diagnosis and location of the pulmonary lesion was con- 
fin^ by x-ray or autopsy. It is emphasized that these cases differ somewhat 
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fact Paul Wliite^® emphasizes that “it is simpler, safer, and probably almost as 
effective to give quinidine by mouth.” Our experience in this ease and that of 
others in recently reported 'Cases seems to indicate that a large, single dose is 
more useful than a great amount of quinidine given in smaller doses over a 
longer period of time. 

SUMMARY 

Pour cases of paroxysmal ventricular tachycardia are reported. One at- 
. tack lasted for twenty-six days without interruption and, although associated 
with myocardial infarction, ended with complete recovery after oral admin- 
istration of a large, single dose of quinidine sulfate. Another attack, which 
showed bidirectional ventricular complexes due to digitalis intoxication, Avas 
. treated in this manner, and recovery folloAved. In tAvo of the four cases there 
Avas no eAudence of organic heart disease. 

The electrocardiographic changes associated Avith and following a paroxysm 
of ventricular tachycardia are discussed. 

The advantage of oral administration of a large, single dose of quinidine 
sulfate is emphasized. 
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Clianges in axis deviation occurred in a few instances. The electrocai^iographic 
changes other than significant T-wave changes are summarized m Table I. ^ 
Changes in the T waves were noted on admission in 35 of 82 patieirts 
(42.7 per cent) who survived pneumonia, and in fiye-of the 10 patients who 



died (Table II). These changes consisted chiefly of low ampUtude T waves 
(2 mm. or less), or inversion of4he T waves, or both, in Leads I, II and IVP 
(Table in) Deviations in T,. alone were not considered significant in this 
Study. In the 12 patients in whom the T-wave changes persisted upon recovery 
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from those previously reported in the literature in that most were seen early 
in the course of pneumonia, the average duration of disease at the time of 
admission being three days ; and each was treated by either type-specific anti- 
pneumocoecus serum, or chemotherapy,'' or both. The total febrile course was 
characteristically short, averaging slightly over four days in those cases in 
which the onset of disease and the crisis could 'be precisely defined. These 
factors may account, in part, for the discrepancies between previous observa- 
tions and those reported here. 

The following patients were excluded from the study : all those with single 
electrocardiographic observations; four who, during intravenous therapy, de- 
veloped electrocardiographic abnormalities which persisted on recovery from 
pneumonia and were thought to he a result of such tlierapy" ; and two patients 
who, during pneumonia, developed electrocardiographic changes which per- 
sisted on recovery and were associated Avith clinical and laboratory manifesta- 
tions of acute rheumatic fever. Included in the group are those patients who 
developed temporary electrocardiographic changes during intravenous therapy 
which apparently were unrelated to the pneumonia. These temporary altera- 
tions associated Avith intravenous therajjj^ are, hoAvever, not included as changes 
due to pneumonia and haAm been reported elseAvhei’e,® Digitalis Avas adminis- 
tered to two patients. / Both died and are included in the series of fatal cases. 

Although in this study the most sticking changes occurred in the T waves, 
other minor electrocardiographic deviations, such as sinus tachycardia, post- 
critical bradycardia, and insignificant changes in the RS-T segment Avere em 
countered. The RS-T segment changes usually consisted of deviation from 
the base line of 1 mm. or less. Disturbances in the basic cardiac rhythm AA’-ere 
not observed during the course of pneumonia. A significantly abnormal P-R 
interval, that is, a P-R that Avas greater than 0.21 second or one that shoAved 
a change of ±0.04 second in serial traeing.s, Avas not observed in any patient. 


Table I. Electrocardiographic Changes Other Than T-AVaa’e Changes in Ninety-Tavo 
Patients During Pneumococcus Pneumonia 



— 

RECOVERED 
NUMBER 1 PER CENT 

1 DIED 

1 NUMBER 1 PER CENT 

.Tachyeardia (rate > 125) 


12 

14.7 

4 

40.0 

Postcritical bradycardia (rate < 60) 


8 

9.8 

- 

- 

P-E interval > 0.21 second or change ± 0.04 second 

— 



— 

Change in ES-T interval ± 1 mm. or less 


9 

11.1 

1 

10.0 

Change in axis deviation* 


17 

20.7 

- 

- 

Total eases observed 


82 

100.0 

10 

100.0 


•Toward right during pneumonia (11 cases; 13.4 per cent) ; toward left during pneumonia 
(6 cases, 7.3 per cent). 


Table II. Incidence of T-Wave Changes in Ninety-Two Patients "With Pneumococcus 
Pneumonia at the Time of Admission to Hospital According to Outcome op the Disease 



1 NUMBER ] 

1 PER CENT 

TOTAL 

T-AVAVE 

change 

NO T-WAVE 
CHANGE 

T-WAVE 

CHANGE 


Eecovered — ^no permanent change 

70 

23 

47 

57.5 

- 90.4 

— permanent T-wave change 

12 

12 

— 

30.0 

— 

Died 

10 

, 5 

5 

12.5 ■ 

' -9.6 

Total cases observed 

92 

40 

52 

100.0 

100.0 
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Pigs. 1 to i illustrate characteristic examples ol the transient 
diographic abnormalities encountered in pneumonia. It will be 
although T-\vave inversions occurred they were not aceompanie y sig 
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alterations in tlie ES-T segment. Furthermore, the trend of T--vyave changes 
Avhich occurred during the course of pneumonia was consistent and followed 
a definite pattern; during the acute phase of the disease the T waves were flat 












I are included in the group of recoverea patients uavins 

diograpMc changes. 

One patient was observed during two attacks of lobar pneumonia involv- 
Ihe right upper lobe (Figs. GA and 65). During the first attack a Type I 



teamococctw was recovered from the sputum; during the second attack a Type 
II Pneumococc.%is was recovere'd from both sputum and blood. ,The fii'st attack 
IS treated with Tjpe I antipneumoeoceus rabbit serum ; the second attack was 
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or inverted; and as the patients recovered from their disease the T waves 
returned toward, or to, normal. 

Two patients developed classic evidence of acute myocardial infarction 
during pneumonia. The electrocardiograms of one of them are shown in Fig. 


i 






mM 
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treated Avith oral siilfapyridine (total dose 24 Gm), It is of interest to note 
that similar deviations in the electrocardiogram occurred during both attacks . ' 
of pneumonia and. that there Avas a return to normal on recovery in each 
instance. 



Table IV summarizes the specific therapy employed in the recovered cases. 
It Avill be seen that the electrocardiographic changes are independent of the 
types of treatment employed: type-specific antipneumoeoccus serum, sulfona- 
mide given orally or parenterally, or combinations of these forms of therapy. 






MSOX r.T AL.: electoocaediogram in pnecmoooccus pxeumonev 
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THOMSON 


DIN-/- TV ■PrrHTV-TWO EECOVERBD CASES OP PNEUMOCOCCUS 


TOTAL 


Age 

Less tlian 40 years 
40 years and over 
Sex 
Male 
Female 

Fneumococcits Type 
Common (I, III, V, VII, and A^II) 
Other types 
Bacteremia 

Present z 

Absent 
Pleural Fluid 
Present 
Absent • 

Location of Lesion in Lung 
Eight only 
Left only 
Both 

Chest Pain 
Present 
Absent 
Not known 
Heart Bate 
Under 125 
125 and over 

Pre-existing Cardiovascular Disease 
Present 
Absent 
Uncertain 


38 

44 

40 

42 

44 

38 

15 

67 

9 

73 

53 

21 

8 

64 

16 
2 

70 

12 

6 

68 
8 


NUMBER 

PER CENT 

TRAN- 

SIENT 

PERMA- 

NENT 

NONE 

TRAN- 

SIENT 

PERMA- 

NENT 

NONE 

15 

4 

19 

65.2 

33.3 

40.4 

8 

8 

28 

34.8 

66.7 

59.6 

13 

5 

22 

56.5 

41.7- 

46.8 

10 

7 

25 

43.5 

58.3 

'53.2 

14 

8 

22 

60.9 

66.7 

46.8 

9 

4 

25 N 

39.1 

33.3 

53.2 

6 

3 

6 

26.1 

25.0 

12.8 

17 

9 

41 

73.9 

75.0 

87.2 

5 

1 

3 

21.7 

8.3 

6.4 

18 

11 

44 

78.3 

91.7 

93.6 

13 

10 

30 

56.5 

83.3 

63.8 

6 

2 

13 

26.1 

16.7 

27.7 

4 

- 

4 

17.4 

0.0 

8.5 

18 

8 

38 

78.3 

66.7 

80.9 

4 

4 

8 

17.4 

33.3 

17.0 

1 

- 

1 

4.3 

0.0 

2.1 

20 

11 

39 

87.0 

91.7 

83.0 

3 

1 

8 

13,0 

8.3 

17.0 

2 

2 

2 

8.7 

16.7 

4.3 

19 

7 

42 

82.6 

58.3 

89.3 

2 

3 

3 

8.7 

25.0 

6.4 

23 

12 

47 

100.0 

100.0 

100.0 


Total rceoveied cases 


82 


patients in this group (total dose 0.5 and 0.7 Giu., respectively) the changes 
in their electroeardiograms -were not characteristic of digitalis effect and the 
autopsy findings (in them) -were not significantly different from the autopsy 
findings in patients "svho had not receiAmd digitalis. 

The appearance of such T-wave changes as are here described raises the 
question of whether or not they represent evidence of “myocarditis.” Autopsy 
studies of the hearts, of pneumonia patients, made before 1917, were reviewed 
by Cohn and Jamieson.^ These failed to sIioav the presence of significant 
myocardial changes in pneumonia and led the authors to state: “Of the path- 
ologic histology of the heart in pneumonia there is still insufficient knowledge, 
but it does not appear that extensive alterations occur. Anatomical lesions 
are according to these investigations infrequent and on the whole insignifi- 
cant.” In contrast, Stone^° more recently reported observations on 34 cases 
of lobar pneumonia in Avhieh abnormalities in tbe myocardium were found in 
79.4 per cent, by histologic examination. Included in the pathologic diagnoses 
were “parenchymatous degeneration” (52.9 per cent), “fatty degeneration” 
(11.7 per cent), “leucocytic and round- cell infiltration” (8.9 per cent) “hy- 
aline degeneration” (2.9 per cent), and “interstitial myocarditis” (2.9 per 
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Table III. T-Wave Changes in Ninety-Two Patients With Pneumococcus Pneumonia 


1 

[ recovered 



transient 

PERMANENT 



CHANGES 

CHANGES 

DIED 


(23 PATIENTS) 

(12 PATIENTS) 

(5 PATIENTS) 

Low voltage T, 

11 

4 

4 

Low voltage_Tj 

• 8 

3 

2 

Low voltage T, 

1 

0 

0 

Inverted T, 

1 

1 

0 

Inverted T. 

4 

1 

1 

’ Inverted T, 

•> 

«> 

1 

1 

Diphasic T, 

0 

2 

0 

Diphasic Tj 

0 

0 

0 

Dipha.sic T, 

6 

5 

0 


Table IV. Specific Therapy in Eighty-Two Eecoveked Cases 

OF Pneumococcus Pneumonia 

TREATMENT 

NUMBER OF CASES 

TREATED 

NUMBER OF CASES 
SHOWING TEMPORARY 
T-WAVE CHANGES 
IWRING PNEUMONIA 

Serum alone 

30 

7 

Sulfonamide alone 

31 

8 

Both serum and sulfonamide 

21 

8 

' Serum alone or with sulfonamide 

51 

15* 

Sulfonamide alone or with serum 

52 

16t 

Total recovered cases 

82 



*Of these, nine received horse serum, five received rabbit serum, and one received both 
horse and rabbit serum. 


fOf these, 13 received sulfapyridine (total dose ranging from 8 to 52.5 Gm.) : two re- 
ceived sulfathiazole (total dose 20 and 25.5 Gm.) ; and one received both drugs. Sulfonamides 
were administered by intravenous route in nine cases : sodium sulfapyridine, in eight cases 
(dose range 3.8 to 7.6 Gm.) ; and sodium sulfathiazole in one case (dose 3 Gm.). 


during pneumonia, 15 (65.2 per cent) were under 40 years of age. The average 
age for the group was 37 years. In contrast, of 47 patients who did not show 
any electrocardiographic changes during jmeumonia, 28 (59.6 per cent) ivere 
over 40 years of age. The average age in this group was 44 years. In the 
cases with transient electrocardiographic changes, the duration of the pneu- 
monia at the time the first electrocardiogram was taken was 2.9 days, and in 
those without such changes, it was 3.1 days. Anoxia in the two groups ivill 
be discussed later. 

Finally, the autopsy material was studied to determine whether or not 
pathologic evidence of myocardial change accompanied the electrocardiographic 
abnormalities found in the fatal cases. Nine of the ten fatal eases of pneu- 
monia on whom electrocardiographic studies were made came to autopsy. Five 
of these showed abnormal electrocardiogi'ams which did not differ appreciably 
from those found in the patients who recovered (Table III). The incidence 
of abnormal electrocardiograms likewise was essentially the same in the fatal 
and nonfatal eases (Table II). In the four patients without electrocardio- 
graphic changes and in four of the five patients with .abnormal electrocar- 
diograms, there was no significant gross or microscopic evidence of heart dis- 
ease. In one patient, in whom the electrocardiogram showed inverted T waves 
in Leads 11 and III, an acute fibrinous pericarditis was found Avhich could 
have accounted for the T-wave changes. Although digitalis was given to two 
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Certain factors wliieli are considered of importance in pneumonia and 
which might be associated the electrocardiograpliic abnormalities eneonn- . 
tered in this study were analyzed. Such analysis failed to show positive cor- 
relation' between T-wave changes and bacteremia, location of lung lesion, 
presence or absence of pleural fluid, nhest pain, or duration of disease (Tabk 
V). Although fever has been reported as a cause of electrocardiographic 
deviations somewhat similar to those reported here,^® our data showed no 
differences in the febrile response between the patients with and those with- 
out electrocardiographic changes. The patients showing electrocardiographic 
changes had a mean temperature of 103^ F. at the time the admission electro- 
cardiogram was taken, whereas those showing no electrocardiographic changes 
had a mean temperature of 102.9° P. at the time the admission electrocardio- 
gram was taken. 

It seemed possible that circulatory changes, such as increased plasma vol- 
ume," which are known to occur during pneumonia, might play a role in the 
production of transient T-wave changes by placing an additional burden on 
the heart. Analysis of these data,^ however, showed that in twelve patients 
with T-wave changes during pneumonia the mean increase in plasma volume 
during pneumonia was 272 c.e. (13 per cent), whereas in twenty-four patients 
in whom such electrocardiographic changes did not occur during pneumonia 
the mean increase in plasma volume was 328 e.c. (11.4 per cent) . 

The altered electrolyte balance in pneumonia, particularly the shifts in 
sodium and potassium concentration, may also play a role. No data are avaiK 
able from this study to support or refute this possibility. 

Various investigators have pointed out the serious prognostic significance in 
pneumonia of certain electrocardiographic changes, particularly low voltage 
T waves and T wave inversion. Master, Romanoff, and Jaffee^ stated tliat 


“negative T waves may be significant of an extremely toxic and fatal pneu- 
monia” and, to substantiate this view, reported a mortality of 40 per cent 
in a group of patients with such changes, in contrast with a mortality of 17 
per cent in a control group. Bullowa and LoAven,® supporting this eontentiCn, 
reported a 46 per cent mortality in cases with flat or inverted T'^waves, in 
contrast lAuth a 10 per cent mortality in a group of pneumonia patients ivho 
did not shoAv this change. Bellet and 'McMillan® expressed the opinion that, 
in pneumonia, manifestations of severe myocardial derangement, such as T- 
wave inversion, indicated a poor prognosis. In this study, however, alterations 
in voltage, or even inversion of the T waves in Leads I, H, and IVF, with or 
without minor RS-T segment changes, Avhen due to pneumonia, were not found 
to be of serious prognostic importance in a group of patients with pneumonia* 
Avho were treated adequately (Table II). 

\Ws Study has not thrown light on the mechanism of production 
of the transient T-wave changes which occur during pneumonia it is impor 
taut to recognize that T-wave changes such as are here described may accom 
pany pneumonia, disappear on recovery from this diseasp j 

rfgnillcnnt structural ehau.es in the myocardit™. This tol! oTLp'ortan*: 
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cent) . The significance and interpretation of such changes, however, are open 
to question and are not supported by the autopsy findings in the present study. 

The observation that myocarditis may be associated with sulfonamide ad- 
ministration^^’ focuses attention on the possible role played by sulfonamide 
therapy in the production of the type of electrocardiographic changes which 
were observed in this study. Analysis of the cases failed to show a prepon- 
derance of electrocardiographic changes in the sulfonamide-treated cases as 
compared with the nonsulfonamide-treated cases (Table Against a rela- 
tionship between the drug and the electrocardiographic changes is the fact 
that in this study abnormal electrocardiograms were found in the patients 
at the time of admission to the hospital, before sulfonamides were adminis- 
tered. Furthermore, the admini.stration of these drugs did not appear to alter 
the subsequent course of the electrocardiogram. Finally, in the nine fatal 
cases with electrocardiographic changes which came to autopsy, eight of which 
received one or more of the sulfonamide drugs, evidence of myocarditis) as 
described by French and Weller,^^ was lacking. It is not possible, therefore, 
to ascribe the electrocardiographic changes which were found in pneumonia 
in this study to recognizable structural abnormalities of the myocardium which 
were a result of either pneumonia or sulfonamide administration. 

Since anoxia is capable of producing T-wave changes similar to those re- 
ported here,^^ blood-gas studies were made to obtain information on this point. 
At the same time that electrocardiograms were taken (on admission and after 
recovery)' arterial oxygen content and capacity were determined in 33 eases, 
and arterial carbon dioxide content was determined in 32 cases. The mean 
arterial oxygen saturation during pneumonia was somewhat reduced, being 
92.1 per cent in patients showing transient T-wave changes and 89.9 per cent 
in those •without such electrocardiographic changes. Individual cases, how- 
ever, showed considerable variation: from 78.3 per cent to 101 per cent in 
those with transient T-wave changes, and from 91.4 per cent to 99.3 per cent 
in the eases 'without such eJeetroeardiographic changes. Similarly, the arterial 
carbon dioxide content did not show significant differences in the two groups : 
in the patients who showed transient T-Avave changes it Amried from 31.4 to 
51.3 volumes per cent, Avath a mean of 42.2 volumes per cent ; in those AAdthout 
such electrocardiographic changes it A’aried from 33.5 to 55.3 volumes per cent, 
Avith a mean of 43.5 volumes per cent. After recovery from pneumonia, both 
the oxygen saturation and the carbon dioxide content of the arterial blood 
in both groups Avere usually slightly, but about equally, increased as compared 
Avith the determinations made during the course of pneumonia. These obser- 
vations lend little support to the concept that anoxia is causally related to the 
T-waA’e changes Avhich occur during pneumonia. In this regard, hoAvever, the 
observation of May,^^ that the more normal the myocardium the more sus- 
ceptible it is to induced anoxia (as evidenced by T-Avave change), is of specula- 
tive interest. It has already been emphasized that the patients in this study 
AA^ho showed transient T-Avave changes in the electrocardiogram were for the 
most part relatively young, and free from cardiovascular disease (Table V). 
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in assessing the cardiac status of patients who present evidences of acute pul- 
monary infection and electrocardiographic abnormalities such as have been 
described. In the absence of “classic” electrocardiographic evidence of myo- 
cardial infarction, electrocardiograms taken during pneumococcus pneumonia 
must be interpreted with caution and with due consideration of the changes 
which pneumonia per se may produce. The final diagnosis of the cardiac 
status of such patients must await interpretation of postreeovery electrocar- 
diograms. Failure to do this may lead to erroneous diagnoses of “myocardial 
disease. ’ ’ 

SUMMARY AND CONCLUSIONS 

1. Deviations from normal are frequently found in electrocardiographic 
tracings taken during pneumococcus pneumonia. 

2. T-wave changes of sufficient degree to suggest “myocardial disease” 
occurred in 35, or 43 per cent, of a carefully studied group of 82 patients who 
survived pneumococcus pneumonia. In 23 patients, or 28.1 per cent of the 
total group, these changes followed a definite pattern during the disease and 
disappeared on recovery. 

3. Post-mortem examination of the hearts of nine patients who died of 
pneumococcus pneumonia showed no significant structural abnormality, even 
though four of these showed T-wave changes in the electrocardiogram. In one 
patient whose electrocardiogram showed T-wave inversion an acute fibrinous 
pericarditis was present. 

4. Flat, low-voltage, or inverted T waves in Leads I, II, or IVF, without 
significant S-T changes, occurring during, and related to the pneumonia, are 
not of serious prognostic importance if the pneumonia is diagnosed early and 
treated adequately. 

5. Recognition of the occurrence of ti'ansient T-wave changes in pneumo- 
coccus pneumonia may be of importance in the differential diagnosis of pneu- 
mococcus pneumonia and myocardial disease in patients in whom clinical evi- 
dence is not definitive. 

6. The possible causes of such electrocardiographic changes are discussed. 
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thG site of- ilivoMmetft. ■ Leaflet, depositions appeared Us spotty: areas Avliiclr 
were irregularly placed in the region of the mitral valve, j.P_CQP;trast to the co^- 
tihuous .bandlihe depositions mdicatmg:^,a^ invblyement. ihe 

major difficulty encountered .was in distiiiguishing lighter ring deposite from 
spotty leaflet involvement. Nevertheless, this technique is- 
fluoroscopic examinations in vivo, and is. far more accurate , for detectmg hiih- 
im#r calcium deposits than is' gross pathologic observation. . ..The pathology proto- 
cols and clinical records were then, reviewed, and the desired data were tabu- 
lated. Since the coronary arteries' were injected and dissected,^®, the .data per^ 
taining to pathology in the Coronaiy arteries, as w^ell as to calcification ;in the 
mitral valve, are considered highly accurate.. The “T” test was used, in, an- 
alyzing these data; the results, as given, are significant. 

RESULTS 


Calcification in the mitral valve was found in 78 hearts, and in approx- 
imately one-half of these the aortic valve was similarly involved. The annulus 
fibrosus was the' Most frequent site of calcification in the mitral valve, and wns 
involved in 70 of the 78 hearts; 'in 6 of these there was concomitant calcifica> 
tion of the mitral' leaflets. Calcification of the leaflets alone was noted injonly 
8' hearts. Deposition of calcium occurred almost equally in the anteriof and 
posterior leaflets, while calcification of the annulus fibrosus was More frequently, 
posterior than anterior (Table I). Calcification of the mitral valve was found 
t\vic6 as often in women as in men (Table II), despite a 3 :2 ratio of male hearts 
to female hearts in the entire group of 766 hearts. 

Table , lA. Sex, Age, Heart Weight, and Location of Calcification in SEVENiy-EiGHT 

Cases With Mitral A’^alve Calcification 



number 

SEX* 

AGE 

(yrs.) 

HEART WEIGHT 
(GRAMS) 

■'% ■ 

of cases ' 

1. M. 

1 F- 1 

1 range 

1 average I 

RANGE , j AVERAGE 

■ I. Mitral Valve 'Alone 
. / - 1. Annulus alone . 

29 

6 

23 

35-83 

70 

268- 900 452 ■ 

2. Annulus and leaflets' 

2 

1 

1 

45-61 

53 ' 

390- 600 '4^5 

■ 3; Leaflets alone 

5 

3 

1 . 

' ^ 28-52 

40 

510- 825; ; s664 

. 4. Total 

36 

10 

25 

28-83 

66 

268- 900 .481 

II. Mitral and Aortic Valves 
1.' Annulus alone (mitral) 

35 

13 

22 

44-83 

■ 67 

180- 780 448' 

2. .iinnulus and leaflets 
■ , '(mitral) 

4 

1 

. 3, 

28-68 

54 

350- 560 468 

3. Leaflets alone (mitral) 

3 

2 

1 

16-68 ■ 

51 

350-1,100 ■ 683 
ISpXjlOO . 468 . 

.4, Total ■ . 

42 

16 

26 

16.:83 . 

65 


1.' Ajinulus alone 
■ 2.-.Annului3 and leaflets 
3. leaflets alone 
■ioial 


64 

6 

8 

78 


19 

2 

5 

26 


45 

4- 

2 

51 


35-83 

28-68 

16-68 

16-83 


•Not stated in one case. 


69 ’ 180- 900' '450 

54 350- 600 . ~;477.. 

44 350-1.100 '671 

65 180-i;iO6 , ■ .470 ' 


^ABLE IB;^ location of Caicification on Aiinulus and onXeaflets of 




: CALCIFICATION OF. THE MITRAL VALVE 

M. H. Fertman, M.D., and Louis 'Wolff, M.D. . 

Boston, Mass. 

T he frequent observation by roentgenologists and pathologists of calcifica- 
tion in the region of the mitral valve has led to much conjecture concerning-, 
its origin and significance. Views regarding its etiology may be divided into 
three general groups: inflammation, degeneration, and metabolic disturbances. 
Calcification of the mitral ring has been ascribed to degenerative^' or 
atheromatous processes^’ ^ of nonrheumatic origin®’^^ occurring chiefiy in the 
aged.^' *’ “> It has been pointed out that the lesion occurs at the site 

of maximum stress and strain^ and that decreased blood supply is an important 
factor in its genesis. Others have suggested a similarity to the Monckeberg type 
of aortic valve calcification,^?- assuming a predilection to coUagen involution 
■with deposition of lipoid and calcium.*® The acellular structure of the posterior 
portion of the annulus is held responsible for localization of calcification in that 
part of the ring.®° Many investigators are of the opinion that calcification of the 
annulus fibrosus of the mitral valve is of no clinical significance. On the other 
hand, calcification of the leaflets of the mitral valve has been considered inflam- 
matory (rheumatic) in origin, when it occurs in younger age gi;oups.®’ 

Decreasing the calorie intake in rats has been found to result in increased 
calcium deposition in the heart, the aorta, and the kidneys.*^ Animal experi- 
mentation has also shown that the form of mineral supplement has an effect upon 
the production of cardiac calcification, but that moderate enforced exercise re- 
duces the incidence of calcification.*® The present investigation was tuidertaken 
to determine the incidence and distribution of calcification on the mitral valve 
and to evaluate its clinical significance. 

METHOD OF STUDY 

Seven hundred sixty-six unselected hearts, prepared by the Sehlesinger 
. technique,*® were used. There is no overlapping of the valve rings and leaflets 
of the “completely unrolled hearts” prepared by this method, and roentgeno- 
grams of these specimens are ideally suited for the detection of areas of cal- 
cification which might be overlooked by other methods of examination. The 
roentgenograms were examined for valvular calcification ■without reference to 
pathologic or clinical data. Calcium deposits were recognized as opaque areas 
in the region of the valve. These deposits appeared as thick heavy bands, light 
thin lines, or irregular spotty areas. When the deposition occurred as a straight 
line, or as a U- or J-shaped configuration, the annulus fibrosus was considered 

From the Cardiac Clinic and Electrocardiographic Laboratory, Beth Israel Hospital, and 
Harvard Medical School, Courses for Graduates, Boston, Maas. 

Received for publication Sept. 10, 1946. 
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Table III. Incidence of Various Cakdiovascular Conditions in Cases of Mitral Valve 
Calcification in Relation to the Location of Calcification 




i 

arterio- 

sclerotic 


1 

MINIMAL 




AND 



AREAS 


EHEU- 

BAG- 

HYPER- 

MYO- 

GENER- 

OP 


MATIC 

terial 

TENSIVE 

CARDIAL 

ALIZED 

CORONARY 


HEART 

ENDO- 

HEART 

INFARC- 

ARTERIO- ; 

CALCIPIC.A- 


DI.SEASE 

CARDITIS 

DISEASE 

TION 

SCLEROSIS 

TION 

I. Mitral Valve 

1. Annulus alone 

2/28 

0/28 

11/26 

5/26 

16/27 

22/29 

2. Annulus and leaflets 

0/2 

2/2 

0/2 

0/2 

0/2 

0/2 

3. Leaflets alone 

5/5 

0/4 

0/5 

0/3 

0/3 

l/o 

4, Total 

7/35 

2/34 

11/33 

5/31 

16/32 

23/36 

11. Mitral and Aortie Valve 




7/33 

17/33 

26/36 

1. Annulus alone 

6/35 

l/,3.5 

9/35 

(mitral) 

2. Annulus and leaflets 

1/4 

1/4 

2/4 

0/4 

2/4 ^ 

1/4 

(mitral) 

3. Leaflets alone 

1/2 

0/2 

1/2 

0/2 

0/2 

0/2 

(mitral) 

4. Total 

8/41 

2/41 

12/41 

7/39 

19/39 

27/42 

Grand Total 

15/76 

4/75 

23/74 

12/70 

35/71 

50/78 


♦Discrepancies in the 
record.s. 


number of cases (denominators) are due to incompleteness of 


the accepted stigmata of rheumatic heart disease. In all three of these subjects 
there were hypertension and congestive failure, aortic valve calcification, and 
extensive coronary disease; the mitral valve calcification involved the annulus 
as well as the leaflets in two of them. All were women ; their ages were 48, 67, 
and 68 years, respectively. There were, in addition, three other instances of 
leaflet calcification which were not considered to be rheumatic in origin. These 
were eases of bacterial endocarditis, two subacute and one acute. 

Of 68 eases of mitral valve calcification in which complete pathologic data 
were available, fifteen, or less than one-fourth displayed no additional cardiac 
disease other than calcification of the aortic valve, which was present in 10 
cases (Table W). The calcification of the mitral valve in these cases was lim- 
ited to the annulus fibrosus. In all but 5 cases, however, there was generalized 
extracardiac vascular disease, i.e., either arteriosclerosis or hypertension. None 
had angina pectoris. Congestive heart failure was diagnosed clinically in 4 
eases, but the diagnosis was questionable in all of them, A clinical diagnosis of 
heart disease was made in only 5 of the 15 patients. Of the 5 eases ivith neither 
important cardiac nor generalized vascular disease, 3 had calcification of both 
valves and 2 liad calcification of the mitral valve alone. In none of the 5 w^as 
there angina pectoris or congestive failure, and in none was a clinical diagnosis 
of heart disease made ; none had murmurs. No cardiac death occurred in this 
group of 15 patients. Vascular disease was the primary cause of death in 2, 
and neoplastic disease was the cause of death in more than one-third of the 
group. One patient died at the age of 44 years, following thyroidectomy, and 
the remaining 14 patients lived beyond the age of 60 years. 

Chincal i^ecO/re.s.— -Reliable data regarding the presence or absence of 
murmurs wei-e recorded in 53 cases. A mnrmnr was noted in 36, or approx- 
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Table IL Relation Between Location of Mitral Calcification, Average Life Span anp 

Average Heart Weight ’ 


1 

[ MALES 1 

1 FEMALES 

NUJIBER j 
OF 

CASES 1 

age 

(YRS.) I 

1 HEART 
WEIGHT 
(GRAMS) 1 

NUMBER f 
OF 1 

CASES ] 

AGE 

(YRS.) 

j heart 

WEIGHT 

(GRAMS) 

1. Mitral Valve Alone — — 


1. Annulus alone 6 

2, Annulus and leaflets 1 

3. Leaflets alone 2 

4, Total 9 

II. Mitral arid Aortic Valves 

1. Annulus alone (mitral) 14 

2. Annulus and leaflets (mitral) 1 

3. Leaflets alone (mitral) 1 

4. Total 16 

Grand Total 25 


75 

427 

23 

69 

460 

(61) 

(390) 

1 

(45) 

(600) 

30 

668 

2 

46 

690 

63 

476 

26 

66 

483 

67 

568 

22 

68 

367 

(74) 

(350) 

3 

47 

507 

(16) 

(1,100) 

1 

(67) 

(600) 

65 

588 

26 

66 

392 

64 

548 

52 

66 

438 


The average life span of the 78 patients whose hearts showed mitral valve 
calcification did not vary significantly with sex or with associated involvement 
of the aortic valve (Table II). On the other hand, there was a striking cor- 
relation between age and the location of calcification. Thus, calcification of the 
annulus fibrosus alone occurred most frequently in the group of older subjects, 
whose life span averaged 69 years; while calcification of the mitral leaflets was 
noted in a younger group, whose life span averaged 44 years (Table I). The 
average life span of the group whose hearts showed calcification of both the 
leaflets and the annulus fibrosus is intermediate between that of either group 
alone. 

The weights of the 78 hearts ivith mitral valve calcification ranged from 180 
to 1,100 grams. Concomitant calcification of the aortic valve did not appear 
to have a significant influence on heart weight. Hypertrophy was present in 
most eases, but was greatest in those with calcification of a mitral leaflet. The 
average weight of 8 hearts with only leaflet calcification was 671 grams, while the 
average weight of 64 hearts with calcification confined to the annulus fibrosus 
was 450 grams (Table I). This significant difference may be attributed to the 
preponderance of rheumatic heart disease in the group ndth leaflet calcification. 

Associated, Lesions . — Significant cardiovascular disease, other than cal- 
cification, was found in over 75 per cent of the 78 hearts (Tables III and IV). 
Arteriosclerotic and hypertensive heart disease was present in one-third, rheu- 
matic heart disease in one-fifth, myocardial infarction in one-sixth, and bac- 
terial endocarditis in one-twentieth of the cases. Generalized arterioselerosi.s 
was observed in one-half of the cases, and calcification of the coronary arteries 
was observed in two-thirds. Calcification of both aortic and mitral valves was 
not associated with a higher incidence of other cardiovascular lesions than when 
the mitral valve alone was involved. 

In cases of valvular calcification with as well as without other cardiovascu- 
lar disease, the annulus fibrosus was almost always the site of the calcification 
in the mitral valve. Even in the 15 rheumatic hearts calcification of the leaflets 
was noted in fewer than half. Three of the 14 hearts with calcification including 
the leaflets did not have mitral stenosis and two of these three showed none of 
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imately two-tHrds of these Rases; it was apical in 23, aortic in 5^ and was heard 
aVhoth areas in 8. The apical mnrmur was diastolic in 9 cases; 7 of these were - 
inst^ces of rheumatic heart disease. Eight of the 13 cases with a niumiur over 
.the aortic area had aortic in addition to mitral valve calcification, but 5 did hot. 
jiliirmurs were regularly present in the rheumatic group, but were present iri' 
only slightly more than one-haK of the nonrheumatic group. They were, how- . 
ever, heard in 70 per cent of the patients with arteriosclerotic and hypertensive 

lieart disease. ... : 

The incidence of hjptertension, angina pectoris, and congestive failure 
was not significantly greater in the cases showing calcification of both the aortic - 
and mitral valves than in those with mitral valve 'calcification alone (Table V). 
Congestive failure occurred in 60 per cent, hypertension occurred in 38 per cent, 
and angina pectoris occurred in 16 per cent of the cases. Angina pectoris did 
not occur in any ease with leaflet calcification, but congestive failure was es- 
pecially common in this group (80 per cent). 

Electrocardibgrams were available in 29 patients with mitral valve cal- 
cification. In only 2 of these, both of whom had bundle branch block, was the 
calcification a possible factor in producing an abnormal pattern. 


Table Y. Hyperteksion, Angina Pectoris, and Congestive Failure in Cases op Mitral 

Valve Calcification* 



HYPERTENSION 

ANGINA 

CONGESTIVE 

FAHitJBE 

diagnosep 

I. Mitral Valve Alone 

1. Annulus alone 

12/27 

4/27 

15/28 

2. Annulus and leaflets 

0/2 

0/2 

1/2 

3. Leaflets alone 

0/4 

0/3 

3/3 

4. Total 

12/33 

4/32 

,19/33 

H. Mitral and Aortic Valves 

1. Annulus alone (mitral) 

12/35 

8/35 

20/36 

2. Annulus and leaflets (mitral) 

3/3 

0/4 

3/4 

3. Leaflets alone (mitral) 

1/2 

0/2 

2/2 

4. Total 

lG/40 

8/41 

25/42 

Grand Total 

28/73 

12/73 

44/75 


‘Discrepancies in tlie number of cases (denominators) arc due to incompleteness of 


Rh-euinatic Heart Disease . — The above data indicate that calcification of 
the mitral valve in rheumatic heart disease may involve the annulus, the leaflets, 
or both; that leaflet calcification is more frequently found in rheumatic than in 
nonrheumatic hearts; and that about one-half of the 15 rheumatic hearts sliowed 
calcification of the aortic in addition to the mitral valve (Table III) . . ' 

In the present series the average age (at death) of those with rheumatic 
heart disease and mitral valve calcification was lower, and the average heart - 
weight was more, than in those with nonrheumatic heart disease. The young- 
est patient with rheumatic heart disease was 16 years of age; there were areas 
of minimal calcification on the mitral leaflets and aortic cusps; the heart 
weighed 1,100 grams and was the largest in this series. The average age of 15 
rheumatic patients ^vith mitral valve calcification was 47 rears and the aver 
. age heart weight was 603 grams, while the average age of 59 patients with non- 






Table IV. Fifteen Cases op Mitral Valve Calcipioation Without Associated Cardiac Pathology 

(Prom Sixty-Seven Cases)* 
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DISCUSSION. 

A. DGW roGiitgcnogi'cipIiic mcth-od for ascGrtainiiig' the pi'GSGiiCG of initrfll 
valve calcification has been applied to a study of the hearts of 766 unselected 
patients. This study shows that mitral valve calcification occun’ed in over 10 
per cent of all hearts, and that it was much more common in women than in men. 
The preponderance of women with mitral valve calcification over men was 
uninfluenced by the presence of any other associated cardiovascular pathology 
which we studied. Thus, when aortic valve calcification occurred in combina- 
tion "with mitral valve calcification, as it did in one-half of the cases in this 
series, the relative frequency of its occurrence in women was neverthele.ss still 
much greater than its occurrence in men. The high incidence of women with 
mitral valve calcification was not due to rheumatic heart disease, which oc- 
curred in less than one-fifth of all tlie eases, particularl}’^ since the ratio of the 
females to males was about the same in this gcoup as in any other division of 
our eases on the basis of associated pathology. Martens also found the relative 
incidence of calcification of the mitral ring to he greater among women, and 
de Oliveira explains this fact by the greater incidence of disturbances in calcium 
metabolism and of hypertension in women.^” 

In the entire series, calcification was limited to the annulus in 80 per cent 
of. the cases and to the leaflets in 10 per cent of the cases. Although calcifica- 
tion may occur in any inflammatory lesion, it involved the leaflets in less than 
one-half of the 15 cases of rheumatic heart disease. Moreover, leaflet calcifica- 
tion was found mostly- in the young, and involvement of the annulus was found 
mostly in the aged; these findings are in agreement with those based upon 
roentgenogi-aphic examination of living subjects.®’ '■ Seventy-five per cent 
of the cases with leaflet calcification occurred in rheumatic heart disease or bac- 
terial endocarditis. The high incidence of associated conditions such as gen- 
eralized arteriosclerosis (in 50 per cent of the eases), coronary artery calcifica- 
tion (66 per cent), and arteriosclerotic and hypertensive heart disease (33 per 
cent) suggests that calcification in many of these eases may be noninflammatory 
in nature. A relation between the degree of calcification and age has been 
noted.^i However, Giese"* and Martens^^ were of the opinion that calcification of 
the mitral ring and that of the blood vessels were unrelated. 

Longevity, the incidence of associated lesions, congestive failure, and heart 
weight were not influenced by tlie presence of the additional factor of aortic 
valve calcification. The largest hearts were those Avith calcification of the mitral 
leaflets, and occurred mostly in the younger age groups, in patients Avith rheu- 
matic heart disease. Clinical x-ray examination of hearts AAufh mitral A^alvc 
calcification similarly rcA^eals a high incidence of hypertrophy in those Avith 
leaflet calcification® and similar differences in age and heart size in rheumatic 
and nonrheumatic heart disease.®- 

Sohval and Gross^" AA^ere of the opinion that calcification in the heart valves 
does not appreciably alter the prognosis and bears no apparent relation to heart 
failure or heart disease, but othei-s have suggested that the mitral systoHc mur- 
mur may be due to miti-al insufficiency produced by calcification of the annulus 
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rheumatic heart disease and mitral valve calcification was 6^ years, and the 
average heart weight was 436 grams. 

In rheumatic heart disease the average life span and average heart weiglit 
did not differ significantly in patients who had mitral valve calcification alone 
and in those who had calcification of both the mitral and aortic valves. These 
varied, however, with the location of calcification on the mitral valve. The 
average age at death in- nine patients with calcification of the ring was 54 years, 
and in six wth calcification of the leaflets only, 34 yc&vs. The average weight 
of the rheumatic heart in the present series was greater in those with leaflet 
calcification (719 grams) than in those with calcification of the mitral ring 
(518 grams). Rheumatic heart disease was the most important factor in the de- 
- velopment of congestive failure in the entire series. 

In cases with mitral valve calcification, generalized arteriosclerosis, hyper- 
tension, myocardial infarction, angina pectoris, calcification of the coronary 
arteries, and renal disease wez'e le.ss commonly associated with rheumatic than 
with nonrheumatie hearts. None of the patients with rheumatic heart disease 
and mitral calcification had myocardial infarction or angina pectoris. Only one 
had generalized arteriosclerosi.$, and two had hypertension. 

Arteriosclerotic and Hypertensive Heart Disease and Generalized Arterio- 
sclei’osis. — The annulus fibrosus was the common site of calcification on the 
mitral valve in patients with generalized arteriosclerosis and in those with ar- 
teriosclei’otic and hypertensive heart disease (Table III). The 23 cases listed 
as arteriosclerotic and hypertensive heart disease are included in the group of 
35 cases Avith generalized arteriosclerosis, except for 4 in Avhich there was h;yT5er- 
tensive heart disease but no arteriosclerosis. The average life span for these 2 
groups Avas 69 and 70 years, respeetiA’^ely, and the aA’^erage heart Aveight Avas 521 
and 461 grams, respectively. These averages Avere essentially the same in those 
Avith aortic in addition to mitral A'alvular calcification, and AA^ere not signifi- 
cantly different in 24 patients Avilhout rheumatic heart disease or bacterial endo- 
carditis who had neither generalized arteriosclerosis nor hypertension, A]mo.st 
all patients Avith arteriosclerosis or art ei’ioscl erotic and hypertensive heart 
disease Avere older than 50 years. 

Primary Cause of Death. — The primary cause of death in 78 patients Avith 
mitral valve calcification Avas, in order of frequency; heart disease, carcinoma, 
and vascular disease, chiefly hypertension. Of the 37 cardiac deaths, one-third 
of the patients died of rheumatic heart disease, and almost as many died of 
myocardial infarction. One-fifth of the patients died of arteriosclerotic and 
hypertensive heart disease, and 4 died of bacterial endocarditis. In only seven 
of the 23 patients Avith arteriosclerotic and hjqzertensiA^e heart disease Avas death 
due to the heart; in the remaining 16 cases of heart disease, the cardiac lesion 
was usually the cause of death. Congestive heart failure Avas diagnosed in five- 
sixths of the cases in Avhich heart disease Avas a primary cause of death ; murmurs 
Avere- usually present in these ca,ses. Angina pectoris Avas noted in approx- 
imately one-fourth of the cases. 
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T]ie average heart weight is less in those with annulns than in those with leaflet 
calcification, 

4. Blitral valve calcification does not give rise to symptoms or signs of heart 
disease. Its clinical importance lies in the fact that it is often an indication of 
the presence of significant cardiovascular disease. 

5. Calcification of the mitral valve is always limited to the annulus fibrosus 
in hearts showing no cardiac lesion other than the valvular calcification. 
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fibrosus.^o There is no evidence, from our study, that calcification of the mitral 
valve, regardless of its location, has an unportant bearing on clinical heart dis- 
ease. This conclusion is evident from study of the whole group of 78 hearts TOth 
calcification of the mitral valve, but more particularly from study of the 15 
hearts with calcification but without associated pathology. This statement ap- 
plies to cardiac enlargement, murmurs, electrocardiographic abnormalities, heart 
failure, and cause of death. 

Nevertheless, certain facts are of interest and importance. When mitral 
valve calcification is present, the incidence of associated cardiovascular disease 
is great; almost one-half of all the patients died of heart disease, usually rheu- 
matic, heart disease or myocardial infarction. In hearts showing no cardiac 
lesion other than valvular calcification, the latter was always limited to the 
annulus fibrosus. Leaflet calcification is usually regarded as evidence of mitral 
stenosis or rheumatic heart disease.^®’ While this may be true insofar as the 
clinical demonstration of leaflet calcification is concerned, the more accurate 
post-mortem -method used in this study indicates that only three-fourths of the 
eases with leaflet ealciflcation had rheumatic heart disease, and that the latter 
was present in a few cases when calcification was limited to the annulus fibrosus. 
However, leaflet calcification in rheumatic heart disease indicates a more serious 
degree of heart involvement than is present when the annulus alone is calcified. 
These observations are in accord with Epstein’s statement that patients with 
rheumatic heart disease who live past the age of 40 years develop calcium de- 
posits similar in extent and distribution to those of patients with nonrheumatic 
heart disease^^ but that leaflet calcification indicates an advanced lesion,^® Others 
have reported mitral ring calcification in patients with rheumatic heart disease, 
the youngest of whom was 25 years old.^' ® Two-thirds of the 78 hearts with 
mitral valve calcification had calcification in the coronary arteries; in most of 
these the valve calcification involved the annulus fibrosus. Epstein also found 
that disease of the coronary arteries and generalized arteriosclerosis in patients 
•with mitral valve calcification was more frequent in those "with nonrheumatie 
hearts,^^ The clinical application of these facts is impossible without an ac- 
curate differentiation between annulus and leaflet calcification, 

CONCLUSIONS 

1. A new and accurate method for detecting mitral valve calcification re- 
veals that this condition is present in 10 per cent of unseleeted hearts. It 
occurs preponderantly in females. 

2. Mi tral valve calcification, especially of the annulus fibrosus, is in many 
cases not the result of an inflammatory process. 

3. The annulus fibrosus is the most common site of calcification, and this 
type of deposit is usually found in the aged. The leaflets are involved much 
less commonly, and then largely in younger age groups; in these patients rheu- 
matic heart disease is frequently present. Calcification may be confined to the 
arinulus in rheumatic heart disease, but this type of deposit is found, as a rule, 
in a more advanced age group than that in which leaflet calcification is present. 
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broncliial mucosa, causing the accumulation of mucus and possibly of aspirated food particles 
in the respiratory tract; (d) paralysis of the bronchial musculature, causing narrowing or 
even collapse of the flaccid broncMoles during inspiration; and (e) loss of the Hering-Brcuer 
reflex, causing an increase in the negati^uty of the intra-alveolar pressure as a result of the 
increased volume of inspired air. (2) Pulmonary vesseU, resulting in (a) loss of vasocon- 
strictor tonus, causing dilatation of the pulmonary vessels; and (b) increased capillary per- 
meabilitj', causing transudation into the alveoli. (3) Heart, resulting in tachycardia and fail- 
ure of the heart to adjust to circulatory changes. (4) Gastrointestinal tiact, resulting in (a) 
faulty deglutition, and (b) regurgitation of food. Both (a) and (b) lead to the aspiration of 
food particles. 

Most of these factors, singly or in combination, have been considered by previous in- 
vestigators as the causes of the pulmonary changes following bilateral vagotomv- 

Siimmariziiig the conclusions given in the literature of the nineteenth cen- 
tury one may say that there were two main schools of thought. The first con- 
sidered the pulmonary lesions, i.e., pulmonary edema and pulmonary consolida- 
tion, to he secondary to various disturbances of laryngeal, esophageal, or cardiac 
function, while the second regarded them as a primary disturbance of the func- 
tion of the pulmonary vessels. 

No attempt null be made to give a complete review of the literature on 
bilateral vagotomy. Only the works that appear to have some bearing on the 
pathogenesis of pulmonary edema will be reviewed. 

The foveuiost representative of the school of thought which attributed the changes in 
the lungs to extrapulraonaiy causes was Traube,^ who published his first paper on bilateral 
vagotomy in JS4G. He was, apparently, the most original of all his contemporaries, who to 
a great extent repeated his experiments with some variations. 

Traube’s most important contributioms to the problem were the following: (1) Seven 
bilaterally vagotoraized rabbits in whom tracheotomies had been performed lived for ap- 
proximately twentv’-four hours and showed either no or minimal pulmonary changes at autopsy. 
(2) In nine bilaterally vagotomized rabbits he tied the esophagus in the neck, cut it above 
the ligature and assured free drainage of mucus and saliva from the proximal end, thereby 
preventing the dripping of these substances into the lower airways. None of these animals 
showed pulmonary edema or consolidation when killed twenty-one to thirty-five hours post- 
operativel.v. (3) In four experiments he proved that squamous epithelium from the mouth 
or pharynx was present in the bronchi and alveoli of vagotomized rabbits killed several hours 
after the procedure. (4) He collected the secretions from the proximal end of the esophagi 
of vagotomized rabbits and injected them through a tracheotomy tube into the airways of 
two healthy rabbits. These died after eight and sixteen hours, respectively, and showed pul- 
monary edema and consolidation at autop.sy. Traube concluded from (1) that the pulmonary 
changes were not due to the paralysis of pulmonary vagal fibers, from (2) that they were 
not due to the narrouing of the vocal cords follorving paralysis of the recurrent nerves, and 
from (3) and (4) that the pulmonary lesions were due to the failure of the vocal cords 
to close during deglutition in vagotomized animals, thus allowing mucus from the pharynx 
to get into the airways and cause aspiration pneumonia. 

Traube’s chief opponent was Sclutf,o who concluded that the luug change.'! were due 
to pulmonary vasomotor paralysis, for these main reasons: (1) In vagotomized and 
tracheotomized rabbits, guinea pigs, and dogs, he found pulmonary congestion, edema, and 
co^olidation. He obtained this result at firsst with his own technique of using a quill^ or a 
thin glass tube for a tracheal cannula, but later he confirmed his oum result.s, even when he 
u.ced Traube’s special cannula. This was a cannula into which the lower portion of the 
trachea was fitted. It also had a shield at its upper end to prevent the dripping of secretions 
into the bronchi. However, not all of Sclnfi:’.s animals showed extensive pulmonary dianges. 



STUDIES ON THE PATHOGENESIS OF PULMONARY EDEMA 
FOLLOWING BILATERAL VAGOTOIklY 

Francis Reichsman, M.D. 

Dallas, Texas 

T HE^ changes following bilateral ceiwical vagotomy have interested in- 
vestigators for almost two thousand years. The procedure was apparently 
performed first by* the Greek physician Rufus of Ephesus, who lived in the first 
century after Christ, and a few decades later by Galen. With the revival of 
science in the sixteenth century, interest in bilateral vagotomy was revised, and 
during the following centuries this procedure was performed by many experi- 
menters, Valsalva^' and Morgagni® being among the earlier ones. Valsalva 
was the first to describe pulmonary changes following bilateral vagotomy. These 
changes Avere then more thoroughly described by the French clinicians® (Vieus- 
sens and Senae), aa'Iio called the process “inflammation.” Since then the 
interest in this procedure has centered around the changes in the lungs. An 
important advance was made by Legallois,^ Avho Avas the first to consider 
laryngeal paralysis and paralysis of the pulmonary vagal fibers as possible 
pathogenetic factors responsible for pulmonary ti’ansudation and consolidation 
folloAving bilateral vagotomy. The publication of Legallois’ Avork Avas folloAved 
by a lively interest in bilateral Amgotomy, Avhich persisted for the greater part 
of the nineteenth century. The main problem of the studies Avas the pathogenesis 
of the pulmonary lesions. This interest stayed alive during the tAventieth cen- 
tury and has even increased during the past feAV years. 

Although some of the experiments of these investigators Avere done on dogs, 
cats, and guinea pigs, and more recently on rats, most of them Avere done on the 
rabbit, and the most important conclusions Avere draAvn from Avork on this animal. 
Whenever more than one species of animals Avas used, the essential findings in 
the various species Avere similar in the hands of tlie same investigator, provided 
that animals of comparable age Avere used. Contradictory results, hoAA’ever, 
Avere often obtained by the various experimenters, Avhieh at times gave rise to 
sharp polemics, as betAveen Traube and Schiff. 

In reviewing the work of previous investigators it may be Jielpful to liave clearly before 
our eyes the various structures, the functions of Avhich might be di.stuibed by bilateral 
vagotomy. 

On theoretical grounds the following possibilities emerge; (1) Airnays, resulting in 
(a) inspiratory larjmgospasm, causing a marked increase in the negativity of the intra- 
alveolar pressure; (b) inabDity of the vocal cords to close during deglutition, causing the 
aspiration of food particles into the airways; (c) loss of sensibility of the tracheal and 
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balls; in the bronclii. This procedure produced atelectasis, but not pulnionarj', edema- or con- 
solidation. . . •. " . . , ■ • ' 

Claude Bemardis came to the conclusion that the pulmonary lesions were produced by 
the change in the mechanics of respiration Arhich foUoms bilateral vagotomy, i.e., by the in- 
frequent respirations, rrith unusually large volumes of tidal air. Long before Bernard/ the . 
Englishman John Eeid,i3 and, later, Arnspergeri^ and Boddaert,!^ came to similar- conclu- 
sions. They believed that the nnusually deep and infrequent respirations of vagptomized; 
animals caused stasLs in the pulmonary capillaries and consequent transudation into the 
alveoli. 

Tn summarj^, one may say that the inve.^tigatoi’s of the nineteenth century hr 
their ingenious experiments greatly contributed to the elucidation of the factors 
causing the puhnonaiy changes in vagotomized animals. The fact that they 
did not distinguish clearly between pulmonary edema on the one hand and pneu- 
monia on the other hand somewhat limits the value of their work from our view- 
point, However, the evidence presented by the bulk of the work, and particu- 
larly by the best-controlled experiments, those of Traube, Billroth, and Frey, 
suggests that all pulmonary changes wliich follow bilateral vagotomy may be 
due to a primary disturbance in laryngeal function. 

The difcerentiation between pneumonia and pulmonary edema became 
distinct in the twentieth century. Kraus, and later Brunn,^" reported the 
production of pulmonary edema bj* the intravenous infusion of large amounts 
of normal saline into vagotomized animals. Ki’aus, working on rabbits and 
cats, thought that this type of pulmonary edema might be due to the loss of' 
innervation of the pulmonary blood vessels. Brunn found that morphine, dial, 
paraldehyde, and extract from the posterior pituitaiy did not prevent pul- - 
monary edema in vagotomized rabbits given large amounts of 1 per cent saline 
intravenously. He observed edema of the glottis in some of his animals and 
could indeed protect a number, but not all, of his rabbits by tracheotomy. 

In recent years, the theory of pulmonary vasomotor paralysis has been sup- 
ported by the work of Weiser and of Farber. 

WeiseFs believed that vagotomy caused -increased permeability of the 
pulmonaiy capillaries because in unilaterally vagotomized rats certain dyes 
(methylene blue, indigo carmine, etc.) introduced into the trachea after death 
diffused more readily from the Imig which had been deprived of its vagal in- 
nervation than from the control lung. The amount of diffusion of the dyes 
was judged by the free eye. Colorimetric determinations were not made on 
account of small contaminations of the samples with blood. 

IfarbeF^' has investigated the pathogenesis of puhnonaiy edema follow- 
ing bilateral cervical vagotomy m rabbits and guinea pigs. In rabbits^® he ob- 
tained results in agreement vdth. those of Schiff and others, in that traeheot- - 
omized animals showed the same degree of pulmonaiy congestion and edema as 
nontracheotomized animals. The main difference was that no evidence of aspira- 
tion of food or of secretions from tlie mouth, nor of bronchopneumonia, was 
present ni the rabbits. In vagotomized guinea pigs^'^ under artificial res- 
piration, he observed, after raising the sternum, that the heart beat regularlv 
and vigorously until a few minutes before death, when dilatation of the right 
side became apparent. Autopsy revealed- severe- pulmonary edema and conges 
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la Bome.of his rabbits and dogs he foUnd only a few small areas of consolidation; othenvise 
the lnng8,were normal. It is difficult to judge how often he found such small changes in his 
animals, as he very cautiously mentions them as: . diese rfreilieh except! onellen aber 

nicht BO sehr seltenen Paelle. . (2) Ho found widespread pulmonary changes in animals 

with their esophagi tied and cut. (3) ia rabbits he cut the gray portions of the vagal ganglia 
(' plexus ganglioformis”-)^ leaving the white portions which carry the laryngeal fibers intact, 
and - found the usual widespread pulmonaiy changes. Prey,io however, repeated this experi- 
ment and found normal lungs in one rabbit, killed after twenty-two hours. In another, killed 
after twenty-six hours, very little pulmonary edema and one small area of consolidation were 
found. This investigator also quotes Priedlaender as having done this experiment on one 
rabbit, with negative results. (4) Cutting one vagus produces pulmonary changes. By an- 
astomoses between the vagal fibers of the two lungs, or by a hypothetical pulmonary sympa- 
thetic innervation, Schiffi tried to account for the fact that these changes were of slight 
degree. Prey, repeating these experiments, found no or minimal pulmonary changes if the 
rabbits were killed after a few days. If they w’ere allowed to die spontaneously (survival 
time, two days to four weeks) they showed hyperemia of the lungs which was more marked 
on the vagotomized side. 

- .Schiffi ’a theory attracted few followers. We are aware of only two in the nineteenth 
century; Genzmer,7 whose conclusions entirely coincided mth those of Sehiff,G and Wundt,8 
who assumed that pulmonary vasomotor paralysis was one of the factors producing the changes 
in the respiratory tract of vagotomized animals. 

Billrotha using both Traube’s and Sehiff’s methods of tracheotomy, found in his 
early experiments that the procedure in each case might or might not be followed by pul- 
monary changes. Later, however, with more careful teclmique, he never found lung lesions 
when he used Traube’s methods. He also cut the vagi in two pigeons and one duck, because 
he could demonstrate that in birds only the lower portion of the larynx was supplied by the 
recurrent nerve. At death all birds showed perfectly normal respiratory tracts. He concluded 
that the pulmonary lesion following bilateral vagotomy was an aspiration pneumonia due to 
laryngeal paralysis. 

Prey, 70 in his monograph, thoroughly reviewed the literature on bilateral vagotomy and 
repeated most of the important experiments of previous investigators. His results were 
quite similar to those of Traube. Using the latter's tracheal cannula, he found pulmonary 
congestion in his vagotomized rabbits, but in only one a small amount of edema. In rabbits 
tracheotomized with Scliiff's technique he reported marked pulmonary edema and congestion. 
He also showed that a tracheal cannula may produce pulmonary congestion in nonvagotomized 
rabbits, and in some of them may even produce edema. Furthermore, he confirmed Traube 's 
findings that cutting of the recurrent nerves in the rabbit produced the same changes as 
vagotomy, only much more slowly. However, when, in addition to cutting the recurrent nerves 
the esophagus was tied, thereby favoring the flow of secretions into the trachea, the pulmonary 
changes appeared as rapidly as in vagotomized animals. Prey thus came to the same con- 
clusions about the pathogenesis, of the pulmonary lesions as Traube had. 

The other investigators of this period concluded, as Traube had, that the pulmonary 
lesions were not due to paralysis of the pulmonarj- vasomotor fibers, but not all of them 
agreed with him as to the actual underlying cause of the lesions. 

Mendelssohn,!! prior to all these investigators, had come to the conclusion that the 
lesions in the respiratory tract of vagotomized animals were due to larjmgeal paralysis. He 
advanced the interesting hypothesis that laryngeal paralysis resulted in deficient entrance 
of air into the lung and consequent suction on the blood vessel. “8ie (i.e., the air) verhalt 
sich zur Schleimhaut der Lunge, wie die Luft unter einem trochenen Schropfkopf (suction 


cup) • ^ ^ 

•- All of Mendelssohn's contemporaries agreed that the narrowing of the vocal slit, par- 
ticularly during inspiration, is not a factor in producing the changes in the limg. This 
belief was based on experiments of various investigators showing that after artificial con- 
striction of the trachea by a band the lungs were fund to be normal. In order to demon- 
strate that .mucus in the bronchi did not create respiratory obstruction, Traube placed paper 
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(guinea pig and rabbit), unless larj-ngeal paralysis from the unilateral de- 
nervation produces resjpiratoTy obstruction (rat, guinea pig and rabbit). ’ He 
concluded that pulmonary edema following bilateral vagotomy probably re- 
sulted from respiratory obstniction and tliat circulatoiy failure might also be a 
factor of some importance. 

Very recently, Short^^ has repeated the experiments on vagotomized rab-, 
bits with and without tracheotomy. Under the latter condition, he obtained 
severe pubnonarj^ edema with regularity, while under the former, moderate 
pulmonary edema occurred in only three of twelve rabbits. He also showed 
that a tracheal cannula may produce severe pulmonary edema in nonvagotomized - 
rabbits. Short thought that the appearance of the lungs at autopsy was strongly 
suggestive of asphyxia, and therefore he concluded that tliLs was the major factor 
causing the pulmonaiy changes. In traeheotomized animals he attributed the 
asphjucia to the presence of mucus plugs. The theorj’- that slow asphyxia was 
responsible for the pulmonary’’ lesions in vagotomized animals had been first 
advanced by Schafer.^® 

The interest in bilateral vagotomy has been stimulated in recent years 
mainly by the occurrence of puhnonarj’^ edema in patients until lesions of the 
central nervous system, Farber’s work has been regarded by Luisada“^ as 
contributing to the evidence that pulmonary edema may be produced by nervous 
factois. The present study was undertaken mainly to test the validity of this 
conclusion. ‘ 

BILATERAL CFJ5VICAL V.VGOTOAIY AND SYMPATHOTOMY IN THE RAT 
UNDER ETHER ANESTHESIA 

Methods. — Twenty-five young adult rats of piebald strain {Mxis norvegicus) , 
weighing 150 to 250 grams, were used. Under ether anesthesia the vagus nerve 
was resected low in the neck. In eight of the 25 rats the s.vmpathetic chains 
were also cut low in the neck. The clinical course of the animals was obseiwed, 
with frequent notations of the character of the respirations. If the rats sur- 
vived, they were also watched at inteivals during the first and second nights. 

Larjmgoscopy was performed in most animals immediatety following vagot- 
omy, and in a few eases later during the course. Laryngoscopy was carried 
out by using as the source of light an ophthalmoscope from which the head piece 
caiT-jung the lenses had been removed. With the anesthetized animal tied down 
on its back, tlie longue was seized unth a blunt forceps and pulled upward. When 
the light was placed near the posterior portion of the palate, the larynx and 
the movements of the vocal cords were clearly seen. If deatli was not,obser\'ed. 
the survival time was set arbitrarily at the midpoint between the time the animal 
had last been seen alive and the time when it ivas found dead. Complete autopsy 
was carried out at once if the death of the animal was observed. In some rats, 
however, post-mortem examination was not performed until one to two hours 
after death, and occasionally not until several hours tliei'eafter iu animals which 
survived for a long time. The right lung was immediately immersed in 10 per 
cent formalin. The left lung was placed, without loss of blood or edema fluid, 
into a weighing bottle. After weighing on an analytic scale, this lung was dried 
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tion. From the fact that the heart action appeared undisturbed on inspection, 
he concluded that there were no important alterations in the heart which might 
have caused the pulmonarj’^ edema following bilateral vagotomy. In the same 
paper he reported a series of experiments in which pieces of cotton saturated 
with 1 per cent novocain solution were placed anteriorly and posteriorly over 
the lung hila of noiivagotomized guinea pigs under artificial respiration. Severe 
pulmonaiy edema and congestion developed just as in vagotomized animals. 
The type of respiration preceding the onset of pulmonary edema was not de- 
scribed. In a later communication Farber^“ reported the intravenous infusion 
of large amounts of normal saline, ranging from 135 to 350 c.e., into 20 
vagotomized rabbits within ten to fifteen minutes. Ten of these animals were 
traeheotoinized and ten wei'e not. Some of the rabbits died spontaneously soon 
after the infusion was stopped. The others were killed fifteen minutes after- 
ward. All showed marked pulmonary edema and congestion. There were no 
important differences noted at autopsy between animals with and those mthout 
tracheotomy tubes. The same results were obtained if vagotomy was preceded 
by a large saline infusion and followed by a small one. Infusion of similar 
amounts of saline into healthy rabbits produced moderate pulmonary congestion 
but no edema. The clinical eoui'se of these rabbits was characterized by rapid 
shallow breathing, interrupted onh’- rarely by very short attaelcs of “respira- 
tory distress” accompanied by generalized eon\’ulsions. The vagotomized an- 
imals, breathing slowly and deepl.v, showed similar but more frequent crises, 
usually commencing one to two minutes after the infusion had been started. 
Farber was unable to produce pulmonary edeina in atropinized rabbits to whom 
.similar amounts of physiologic solution of .sodium chloride were given intra- 
venousty. He concluded from his first two studies that “neuropathic pul- 
monary edema,” as he termed it, following bilateral vagotony, was caused by 
“disturbance to or abolition of the pulmonary vasomotor nerves.” In his 
third paper he suggested that alterations in the pulmonary vessels secondary 
to loss of vagal inneiwations were of primary importance in the production of 
this type of pulmonary edema, but that other processes also were responsible. 
His evidence suggested to him that pulmonary edema in patients suffering from 
central nervous system disorders wdth involvement of the brain stem were 
caused bj’' disturbances, either central or peripheral, in the vasomotor control 
of the pulmonary vessels. 

Lorber,^* in contradistinction lo-the last-named investigators, came to the 
conclusion that pulmonaiy edema in vagotomized animals was caused by extra- 
pulmonary causes. He reported that vagotomized rats die within two houm 
' and that the lungs of these animals show extensive pulmonary congestion and 
edema. He thus confirmed the report of Weiser, wdiose rats died in three to six 
liours. Tracheotomy considerably prolonged the life of vagotomized rats, the 
lungs exhibiting only minimal changes. Lorber thought that “the common 
denominator in all cases in wliicli pulmonary congestion and edema were seen 
in any degree was respiratory obstruction.” Intrathoraeic vagotomy below the 
recurrent laryngeal nerve on one side, and ceiwieal vagotomy on the other side, 
performed ten to fourteen days later, permits “almost indefinite survival 
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At times tiiin serous fluid was found in the airways. The ® 
dark red in color and rather voluminous; if the edema was less marked they 
were medium red or mottled and their volume was only slightly increased, 
pharynx, larynx, and trachea we observed variable amounts of ^ . 

Soup With Long Survival Time: The second group (seven rats) a^o had 

repeated attacks of inspiratory obstruction, but after these Z 

scLal hours) the animals breathed quietly, inspiration 
not at all labored. A.sHght inspiratory noise was pr^ent at f 

of inspiratory crowing were observed only tarely. The rarvival time of thes 
animals ranged from twenty-five to eigbty-eight hours. The later course of the 
rats was characterized by slowly increasing drowsiness J 

aroused, however, the animals were very irritable; if taken out of the ^ 

usually developed a transient inspiratory crow. From the mouth and n(^trils 
there often dripped a considerable amount of foul-smelling mucus, which the 
animals could he observed to chew and swaUow. The respiratory rate increased 
somewhat in the later stages; the rate usually ranged between 40 and 60 per nnn- 
ute. In tbe rare cases in which these animals were observed at death, the r^pira- 
tions were seen to become more and more shallow and finally to stop.^ Only one 
rat, which survived twenty-five hours, was observed to die with signs of in- 
spiratory distress. We have never observed a vagotomized rat to consume solid 
food. The amount of water they drinlr is very small. 

At autopsy these rats showed either no pulmonary edema or pulmonary 
edema of such slight degree that it could not be considered as even a major 
contributing cause of death. The lungs were normal or slightly increased in 
size, their color was medium to darlv red, often mottled, and they showed varj''- 
ing degrees of bronchopneumonia and at times also patchy atelectasis. ^ In 
this group large amounts of mucus also were found in the airways. The liver 
showed a moderate degree of congestion at tunes. No other significant changes 
were found in either group. The upper row in Table II illustrates the fact that 
the longer was the survival time of the animals, the lesser was the degree of ^ 
pulmonary edema. 

The water content of the left lung as determined by the dry weight almost 
invariably paralleled the degree of edema found on gross examination. Occa- 
sional disagreement between the two observations might be due to imeven dis- 
tribution of pulmonary edema in the two lungs, a condition which was observed 
at times on gross examination of the lungs, or to the presence of interstitial 
edema not detected on gi’oss examination. The average dry weight of the left 
lung in the group with pulmonary edema of moderate or marked degree was 


Table II. Beiatios op Subvival Time to Degree of Pulmonaey Edema 
(Vagotomy Under Ether and Under Urethane Anesthesia) 




degree of pulmonary edema 



MAEEED 

MODERATE j 

SLIGHT OR j 
MINIMAI, j 

NONE 

Ether anesthesia 

Average survival time m hours 

8.5 

9.5 

22.5 

51.5 

Urethauc anesthesia 

Average survival time in hours 

19 

70 
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by exposure to a temperature of 100 to 110° C. until a constant weiglit n-as ob- ' 
tained. Tbe water content of tbe lung was thus determined. In aU rats in this 
series the division or the integiity of the sympathetic chains was cheeked by 
dissection under the dissecting microscope. 

Immediately after cutting the second of the vagi tbe respirations 
becamcsslow and deep.' The respiratory rate varied from 16 to 30 per minute in 
the great majority of cases, but in a few rats it was as high as 40 per minute. 
In many animals, but not in all, a marked inspiratory crow appeared immedi- 
.ately or approximately one minute after bilateral vagotomy. Whenever this was 
present inspirations were quite labored, all auxiliary respiratory muscles being 
used vigorously. Laryngoscopy of these animals revealed the vocal cords im- 
mobile and rather- near to the midline but leaving a fair-sized slit open for the- 
passage of air during most of the respiratory cycle. During the second half 
of- inspiration, however, the vocal cords were draum closely together; the air 
forced through this narrow pathway produced the respiratory crow. 

It is of considerable importance that we observed several rats which did 
not develop this inspiratory crow but did have labored inspirations immediately 
after vagotomy. If these a n i m als were not much disturbed by laryngoscopy and 
did not develop an inspiratory stridor during tbe procedure, they did not show 
the inspiratory spasm of the vocal cords. 

There was no important difference in the clinical course or survival time, 
or in the incidence of pulmonary edema between the 17 animals which had only 
the vagi cut, and the eight which had the sympathetics in addition to the vagi 
cut (Table I). Hence, the 25 rats will be discussed together. Twenty of 
these 25 rats could be placed into two groups, which differed in their survival 
time, clinical course, and also in the pulmonary findings at post-mortem exam- 
ination. 


Table I. Comparison of the Efi’ect of Bilateral Vagotomy and Sy.m;pathotomy Under 

Ether Anesthesia 




SURVIVAL time IN HOURS 

PULMONARY 

EDEMA* 

• 

number 

OF 

ANIiCALS 

MINI- 

MUM 

MAX- 

IMUM 

AVERAGE 

1 

NO. 1 

% 

Bilateral vagotomy 

17 

% 

72 

19 

11 

65 

Bilateral vagotomy and bilateral 
sympatbotomy 

8 

2% 

88 

22 

4 

50 


‘Pulmonary edema of moderate or marked degree. 


Group With Short Survival Time: The animals in the first group (13 rats) 
had either -continuous or frequently recurrent inspiratory obstruction, to which 
they succumbed at various intervals ranging from forty-five minutes to fourteen 
hours. In this group death occurred luider extreme inspiratoiy distress, the rat 
leaping wildly through the cage in vain attempts at inspiration. 

• ■ At autopsy these animals showed pulmonary edema of moderate or marked 
degree. Wliitish froth was seen on the cut surface of the right lung and in 
the bronchi, and in the more 'severe cases also in the trachea. It also appeared 
at the hilus of the left lung, which was dropped uncut into a weighing bottle. 








REICHSMAN: PULMONARY EDEMA FOLLOWING BILATER.IL VAGOTOMY 599 

low figure in view of the fact that an incidence of 100 per cent has been reported 
in vagotomized rats. To investigate the possibility that the use of either an- 
esthesia might have influenced our results, the following group of rats was op- 
erated upon under a different anesthetic. 


BILATERAL CERWCAL VAGOTOMY UNDER URETHANE ANESTHESIA 


The methods employed in this series of experiments ivere the same as in the 
previous one, except that urethane was used as the only anesthetic and the 
sjunpathetics were not cut. Urethane was chosen on account of its negligible 
effect on circulation and respiration. It was administered to 12 rats by intra- 
peritoneal injection, in amounts varying from 700 to 1,300 mg. per kilogram of 
body weight. The animals which had received the smaller doses were usually 
well awake several hours postoperatively. The few rats requiring the larger 
doses often remained under rather deep anesthesia for longer periods, at times 
for twenty-four to thirty-six hours. 

In this series, in contrast to the previous one, audible and visible inspiratory 
laryngeal obstruction was rare. Laryngoscopy revealed . a vocal slit which 
was fairly narrow during inspiration and expiration, but only very rarely was 
there an inspiratory laryngospasm. Nevertheless, inspiration was often, but 
not always, rather labored immediately after vagotomy. This usually sub- 
sided after a variable time, but periods of moderately labored inspiration often 
reappeared during the later course. The survival time in this gi*oup ivas con- 
siderablj^ longer than that in the rats operated upon under ether anesthesia ; the 
-average time for the entire group was approximately fifty-three hours, with a 
range from approximately four and one-half to one hundred six hours. 

The autopsy findings differed in two important respects from those of the 
prewous series. First, the incidence of pulmonary edema of moderate or marked 
degree -was considerably lower; and second, the incidence and the extent of 
bronchopneumonia was much increased, as was also the amount of mucus in 
the airways. Only-four rats of the 12 showed pulmonary edema of a significant 
degree, while the others had either no or minimal to slight pulmonary edema. 
Of the four animals exhibiting moderate or marked edema, one had continuous 
inspiratory laryngeal obstruction for its entire survival time of four and one- 
half hours, and one suddenly developed severe inspiratory obstruction, leading 
to death in a few minutes. The other two animals, like most rats in the entire 
group, had episodes of moderately labored inspiration ; they were not observed 
at death. Again in this series the survival time of the rats developing pulmonary 
edema of significant degree was much shorter than that of the animals without 
or with little pulmonary edema (Table II). 

The dry weight of the left lung was determined in the majority of the an- 
imals in tliis group. Again there was a close correlation between the amount 
of pulmonar 5 ’' edema obseiwed on gross examination and the moisture content 
of the lung.®' 

This series of rats again showed the importance of respii-atory obstruction 
in the development of pulmonary edema. The follovdng group of experiments 
was done in an attempt to avoid inspiratory obstruction. 


reason the dry lyeight deternilnatioi 
remaining series of experiment.':. 


of the lung tissue Avas omitted in the 
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14.8 per cent; the individual values ranged from 10.5 per cent to 17.5 per cent 
except for one instance in which it was 19.7 per cent. In the group ivithout 
pulnionary edema or with pulmonary edema of slight degree, the average dry 
weight was 22.9 per cent; the individual values ranged from 22.1 per cent to 
26.2 per cent, with one exception of 18.7 per cent. 



Fig. 1. — Section through lung showing dilatation of the capillaries, and pinkish staining 
material in some of the alveoli and around the small vein in the left upper corner. In this 
area there is also extravasation of red blood cells. 

The microscopic findings in the lungs usually confirmed the observations 
made on gross examination, the only exception being our inability to demon- 
strate small and sometimes even moderate amounts of pulmonary edema under 
the microscope. The fixation of edema fluid in slices of rats’ lungs, which by 
necessity are thin, was not appreciably improved by dropping the tissue into 
warmed formalin. In the majority of cases, however, pinkish staining fluid 
with entrapped air bubbles was seen in the alveoli. The same material was often 
seen to accumulate around small pulmonary blood vessels, apparently distending 
the perivascular lymphatics (Fig. 1). At times small ai-eas of emphysema, un- 
detected on gross examination, were seen. 

The five rats not included in the previous account because they did not 
show a similar correlation between survival time and autopsy findings, died after 
28, 281/^, 12, 10, and 6 hours, respectively. The first two, which were not ob- 
served at death, showed moderate and marked pulmonary edema, respectively, 
but the latter three showed no or minimal edema. 

The incidence of pulmonarj’^ edema of moderate or marked degree in the 
entire group of twenty -five rats was 60 per cent (15 rats), which is a surprisingly 
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vagotomy, and possibly not even that in the tracheotomized animal, as we shall 

point ont later. _ ^ . 

In recent years the statement has been made that inspiratory obstruction 
alone may produce pulmonary edema. There is, however, little experimental 
evidence reported in detail to substantiate this statement. ^V^arren, Peterson, 
and Drinker^® demonstrated markedly increased lymph flow from the lungs in 
dogs breathing against inspiratorj'- resistance. Moore and Binger^® found pul- 
monary edema in only one of six dogs breathing against inspiratory resistance. 
The other animals showed mild to moderate pulmonarj’’ congestion, which usually 
was more marked over the lower portions of the lungs. Barach^’^ reported that 
“edema of the lungs may occur in three hours, with circulatory failure, after- 
continuous breathing through a resistance.’’ In another paper®® he mentions 
that dogs inspiring against a negative pressure of 4 cm. of water for six hours 
show a progressive rise in the intrapleural negative pressure and that at autopsy 
severe pulmonary congestion and edema of the hilus and basal regions, with 
emphysema at the periphery, were found. 

The folloAving experiments were carried out to determine whether well- 
marked pulmonary edema could be produced with regularity by causing rats to 
breathe against inspiratory resistance and whether expiratory resistance in 
addition would change the incidence of pulmonary edema. 

RATS BREATHING AGAINST INSPIRATORY RESISTANCE 

Methods . — ^Rats of the same strain and of approximately the same weight 
as those in the previous series were used. Under intraperitoneal urethane an- 
esthesia a Y-shaped tracheal cannula of thin metal was inserted. Bach of its 
arms was connected by rubber tubing to a somewhat modified Marriotte tube 
(Pig. 2). As illustrated, the tubes offer no resistance to inspiration or expira- 
tion. By immersing the glass tube toucliing the water surface in A more or less 
deeply into the water, any desired degree of inspiratory resistance can be pro- 
duced. Similarly various degrees of expiratory resistance are produced by low- 
ering the corresponding glass tube in B. After insertion of the tracheal can- 
nula, no inspiratory resistance was introduced for fifteen to forty-five minutes. 
This was a control period to demonstrate proper operation of the cannula with- 
out obstruction. Then inspiratory resistance, usually measuring 4 to 5 cm. 
of water, but at times measuring up to 8.5 cm. of water, was produced, accord- 
ing to what resistance the particular animal could overcome. If the resistance 
was too high, no air bubbles were sucked through the water in tube A, and con- 
sequently rebreathing and marked anoxemia would have occurred had the re- 
sistance not been reduced. During the later course a reduction -of the inspira- 
tory resistance to 2.5 cm., or even to zero, was necessary for short periods of 
time to prevent asphyxia and premature death of the animals. The rats were 
observed very closely and changes in respiration were noted. Complete au- 
topsy was perfomed either immediately after or shortly after death. A few 
representative lung specimens were examined microscopically. 

Results.— In a few preliminary experiments, the animals survived only two 
to ihree hours. At autopsy they showed considerable congestion of the lungs, 
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' RIGHT THORACIC AND LEFT CERVICAL VAGOTOSIY 

To rule out tlie factor of laryngospasm, the right thoracic vagus was cut 
below the origin of the recurrent nerve in a group of six rats, while the left 
vagus was cut low in the neck immediately afterward. This type of operation, 
first performed by Genzmer,^ has recently been performed by Lorber,^^ who, how- 
ever, cut the left cervical vagus ten to fourteen days after the right thoracic 
vagus was cut. 

Under ether anesthesia, the right sternoelarfcular joint was severed and 
the elavicle reflected laterally, as described by Lorber.^' The medial portion of 
the first rib was resected and the second rib was retracted dovoiward. Care was 
taken not to handle the vagus above the origin of the recurrent laryngeal nerve, 
below which the vagus was then cut. Left cervical vagotomy followed immedi- 
ately afterward. The integrity of the right recurrent larjuigeal nenm was 
checked by laryngoscoscopj^, which revealed the left vocal cord immobile near 
the midline, while the right showed the normal vigorous excursions with respira- 
tion. At autopsy the right recurrent laryngeal branch was found intact in all 
cases. 

, Immediately after, or veiy shortly after vagotomy, respirations became slow 
and deep, inspiration being moderate^ labored in spite of the absence of 
laryngospasm. This type of respiration continued for some time, usually not 
more than twelve hours, and then gave way to somewhat faster, less deep, and 
little or not at all labored breathing. Periods of moderately labored inspiration 
recurred later during the course; these could be eased temporarily by vdping 
thick mucus out of the hj^popharynx. As to their general behavior, these rats 
were quite similar to those mth bilateral cervical vagotomy. The average sur- 
vival time in this group was sixty-six hours, varying in individual rats from 
thirty to one hundred twenty hours. At post-mortem examination pulmonary 
edema of moderate or marked degree was found in three rats ; two rats showmd 
no pulmonary edema and one showed very slight pulmonary edema. The lungs 
of all animals were moderately congested and showed varying degrees of broncho- 
pneumonia. 

As has been demonstrated, inspiratory obstruction was not avoided by 
the operative procedure described. Therefore, at least in the rat, thoracic 
vagotomy is not a suitable procedure for ruling out the obstimctive factor associ- 
ated with bilateral vagotomy. 

The question arises, of course, whether respiratorj’^ obstraction, and par- 
ticularly inspiratory obstruction, can actually produce pulmonary edema. The 
investigators of the nineteenth century^ with the exception of Mendelssohn,” 
denied this. They based their conclusion on experiments in which respiraloiy 
.obstruction was produced by narrowing the trachea Avith a constricting band or 
by letting the animal breathe through a very narrow cannula. These procedures 
failed to produce pulmonary edema or consolidation. Traube® also obstructed 
bronchi by paper balls, and consequently found atelectasis but not the pul- 
monary changes produced by vagotomy. It should be noted that all these pro- 
cedures gave rise to inspiratory and expiratory obstruction. They, therefore, do 
not simulate the condition present in the nontracbeotomized animal with bilateral 
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could be prolonged for periods up to one-half hour. . Some animals died during 
a brief absence of the obsem’er from the laboratory. At autopsy all -10 animals 
showed pulmonary congestion and pulmonary edema of moderate to marked 
degree. Peculiarlj’-, edema was always, and congestion was at times, more 
marked in the left lung than in the right.' The color of the lungs of the various 
rats varied from light red to rather dark red. Pulmonary edema was not neces- 
sarily more marked in the dark red than in the light red lung. In the latter 
there always was one dark red area in the hilar region of the left lung. The 
rat which survived for only one and one-half hours had the least pulmonary 
edema. In the other animals, however, the degree of pulmonaiy edema was not 
always proportionate to the length of survival. The pulmonary edema seen so 
readily on gross examination of the lungs could not be seen microscopically in 
all eases in which sections were obtained. We encountered here the same diffi- 
culty in fixing the intra-alveolar transudate as we did in the vagotomized an- 
imals. Dilatation of the capillaries was alwaj's present and often marked. In 
addition, small areas of emphysema were noted. 

RATS BREATHING AGAINST INSPIRATORY AND EXPIRATORY RESISTANCE 

The same methods were used as in the previous experiments except that 
expiratory resistance was added to the inspiratory resistance. In four rats the 
exiiiratory resistance was approximately one-half the inspiratory, while in the 
other animals it was of equal magnitude. 

Results . — In tliis group the respiratoiy rate was always reduced, usually 
by one-fourth to one-third of the initial rate, but in a few animals only by 8 to 
12 respirations per minute. This is in agreement with the finding of previous 
investigators that expiratory resistance diminishes the respiratory rate. Respira- 
tions in this series were deeper and more visibly labored than those in the rats 
breathing against inspirator}'^ obstruction only. One animal in this group sur- 
vived for approximately one and one-half hours ; the survival times of the others 
ranged from approximately two and one-half to seven hours, the average for 
the entire group being approximately four hours. Death occurred in a manner 
similar to that of the preceding series. At autopsy two of the 13 rats in this 
group showed pulmonaiy edema of moderate, and two of minimal degree. In the 
other animals only slight pulmonary congestion was present. 

The experiments in the last two groups of rats sliow that pulmonary edema 
may be produced vdth regularity if the animals breathe against inspiratory 
resistance only. 

Parber^'* has raised the important objection that pulmonaiy edema follow- 
ing vagotomy and intravenous infusions of large amounts of normal saline* 
could not be attributed to inspiratory obstruction, as the edema occurred too 
rapidly to be due to this factor. To investigate the validity of this objection 
the following experiments were performed. 

RAPID INTRAVENOUS INFUSION OF NORMAL SALINE IN VAGOTOMIZED RATS WITH 

TRACHEOTOJIY AND IN RATS BRE.ITHING AGAINST INSPIR.VTORY RESISTANCE 

Methods.— Rats similar in weight to those in the previous series were used. 
Under intraperitoneal urethane anesthesia a tracheotomy was perfonned and 
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but no pulmonaiy edema. Consequently, an effort was made to keen the rats 
ahve Jor longer periods of time. Of 10 conscouliYe animals, nine lived from an- 
proximately three to six hours under inspiratory resistance varjnng between 
the limits outlined previously. One animal survived for only one and one-half 
hours. The average survival time of the ten rats was approximately four 
hours. The character of the i-espiration under inspiratory resistance was as 
follows: The respiratory rate was essentially unchanged, increasing or decreas- 
ing not more than 10 to 15 respirations per minute from an initial rate of 100 
to 140. This is in accordance ivith the findings of Anrep and Samaan.*'’ Moore 
and Binger^ found that dogs under sodium bai’bital anesthesia, "when made to 



Fig. 2. — Explanation in text. 


breathe against inspiratory resistance, developed a considerable increase in the 
respiratory rate. In our animals, when the resistance was too high to be over- 
come by the inspiratory effort, a definite slo%ving of the respirations tvas noted. 
The depth of the respirations in our rats was affected only a little by inspira- 
torj’’ resistance, but a slight increase in the depth could usually be detected. 
Slight to moderate inspiratoiy retraction of the costal margins "was ahvays pres- 
ent. There was slight dilatation of the alae nasi, but none of the other aux- 
iliary respirator}’- muscles were used. This type of breathing remained mi- 
changed Until the terminal period, the onset of which occurred from one-half 
hour to a few minutes before death. At that time the animal gradually be- 
came unable to overcome the inspiratory resistance. Eespirations became slow 
and shallow, rebreathing began, and respirations ceased within one to two min- 
utes, unless the resistance w’as lowered at once. In some animals, if the re- 
sistance was low’ered temporarily, to be raised again after a few minutes, life 
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after ending the infusion. At autops}’’ the amount of pulmonary edema Avas 
definitely less than tliat foiuid in the first group. There was never any frothy 
fluid in lironchi or trachea. The amount of pulmonary edema on the cut sur- 
face of the left lung was slight in all cases; in the right lung the edema was 
slight in four eases, and of moderate degree in two. Pulmonary congestion w^as 
slight in four rats and of moderate degTec in the remaining tAvo. 

The group of six rats breathing again.st inspiratory resistance and receiAung 
intravenous saline shoAved respirations Amiy similar to those described above in 
rats breathing against inspiratory resistance only. Respirations became sIoav 
and labored only immediately before death. Until then they continued at a 
normal rale and Avcre not at all or only slightly labored. Death occurred spon- 
taneously in five animals in periods of from tAA^enty-three to forty-tAvo minutes. 
The sixth animal Avas killed by intravenous sodium e.A’anide thirty-eight minutes 
after the infusion had been started. The amount of saline injected ranged from 
45 to 60 cubic centimeters. At autopsy tAvo rats had marked pulmonaiy edema 
extending up into the trachea, three had pulmonary edema of moderate degree 
and one, of slight degree. The lungs of all shoAA'ed moderate or marked pul- 
monary congestion. 


PLASMA AND BLOOD A’OLUME DETERAIIX.ATIOX IX BILATERALLY 

VAGOTOMIZED RATS 


In an additional group of rats aa'g tried to determine the mode of death 
oC those animals AAfiiieh survived bilateral Amgotomy for a considerable time. 
In this group plasma and blood volume determinations Avere made in order to 
hiA^estigate the possibility that peripheral circulatory collapse dcA^eloped in these 
animals. 

Meihods . — In healthy rats, Aveighing from 160 to 240 grams, blood Amlume 
determinations AA'ere carried out by the method of Gibson and Evans^° and 
Gibson and EA'clyn'*' as modified by BeckAvith and Chanutin^^ for the rat, AAuth 
only minor modifications adopted by Williams and Barnum.^^ The first blood 
sample A\^as obtained from the rat’s tail ten minutes after injection into the 
exposed external jugular vein of an accurately mea.sured amount (200 to 300 
mg. in A'arious rats) of a 1 per cent solution of T-1824 from a calibrated tubercu- 
lin syringe. Four or fiA^e additional blood samples Avere taken subsequently 
at five-minute intervals. The plasma samples Avere diluted 60 times Avith normal 
saline. The micro attachment of an EA'clyn photocolorimeter"" Avas used for 
the colorimetric readings. Normal saline, rather than diluted plasma, was used 
as the standard solution, as it has been shoAvn that it gwes the same colorimetric 
rending as highly diluted plasma. 

The blood volume determinations AA^ere done under urethane anesthesia, 
suiijflemented by small amounts of ether Avhen necassary. One rat, BVl had 1 
mg. of sodium pentothal, intraperitoneally, in addition. Inunediately after the 
last blood sample had been taken, bilateral A’-agotomy was performed. In all but 
one of the animals the nerve Avas cut in the cerAneal region. Rat VTH7 alone AA^as 


*The author exprcs.sos his thanks to Dr. Max-wpll T iffin nf ^ 

and Pharmacolofrj- of tho Counnan Givay Medicaf School for holnnu of Physiology 

method and for the loan of tho Evelyn phoSorimote?. ^ 
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the Y-shaped tracheal cannula connected with the Marriotte tubes in a group 
of six rats. No respiratory resistance was produced, the glass tubes just touch- 
ing the water surface. The cervical vagi were cut and immediately afterward 
the infusion of an 0.85 per cent solution of sodium chloride wms started. The 
solution was administered by drip from a graduate cylinder which was kept at a 
.'Constant height in all experiments. The cylinder was connected to a glass 
adapter connected to a 24-gauge hypodermic needle by means of rubber tubing. 
Jn an experiments the needle was inserted into the right extemarjugular vein 
just above the clavicle, the tip of the needle pointing toward the rat’s head. 
The rate of infusion, varying approximately from 1.5 to 2 e.e. per minute, -was 
kept fairly constant throughout these experiments. There was one exception, 
in which a smaller quantity of fluid was given. Animals which did not die 
spontaneously were Idfled by the intravenous injection of a 0.05 per cent solu- 
tion of sodium cyanide: respirations stopped after a few seconds, and were 
usually accompanied by several convulsive movements. 

The procedure in the second group of six rats was identical except that no 
tracheotomy was performed. 

In a third group of six tracheotomized but not vagotomized rats, inspira- 
tory resistance of 4 to 7 cm. of water was produced, and then the intravenous 
- infusion was started at a rate similar to that of the previous group. 

Results . — In the animals in which vagotomy was perfonned, respirations 
became very slow and deep immediately following this procedure. At the same 
time the prolonged inspiration became somewhat labored, while the relatively 
short expiration remained perfectly easy. Usually the labored inspiration was 
accompanied by a moderate increase in the rise of water in the expiratory tube 
(Fig. 2), thus indicating an increase in the negativity of the intrathoracie 
pressure. Very soon, as the intravenous infusion was running in, inspirations 
became more labored, and in some animals continued unchanged until death, 
while in others they gradually became even more labored. The respiratory 
rate in some rats either remained essentially unchanged or showed a moderate .. 
increase during the later course. In flve of the six vagotomized rats 50 to 65 
c.c. of saline were given over a period of twenty-seven to forty minutes. These 
animals were killed by intravenous injection of sodium cyanide a few minutes 
after ending the infusion. The sixth rat died spontaneously after twenty-four 
minutes when 22 c.c, of saline had been infused. In this animal and in one 
other, a' Very marked degree of pulmonary edema extending up into the trachea 
was found. The other rats showed pulmonary edema of moderate degree, ex- 
cept for one in which only a small amount of pulmonary edema was present. 

* The lungs of all were moderately or markedly congested. 

None of the animals in the second group (vagotomized, but not tracheot- 
omized) showed evidence of laryngospasm. Consequently, inspiration was only 
slightly labored in the beginning of the experiment, and remained so in some 
instances up to the end, while in others it became moderately labored during 
the later course. In this group the amount of intravenous saline and the time 
in which it was -administered were quite similar to those conditions in the 
tracheotomized group. All rats in the second group were kiUed a few minutes 
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Yolunie determination. In these animals there was a rather close agreement of 
the blood and plasma volume changes, with one exception (Eat BV19), in which 
the decrease in plasma volume was 11 per cent greater than the decrease in blood 
volume. The average decrease in plasma volume was 10.6 per cent for the entire 
group. In only four of the 10 rats was there a reduction of the plasma volume 
of more than 15 per cent. 

Thus, in the majority of our rats peripheral circulator}’’ failure did not 
appear to be an important factor. "We believe that, in the rats not dying of pul- 
monary edema, bronchopneumonia and inanition were the major causes of death. 
Our study does not rule out, of course, the possibility of peripheral circulatory 
collapse later in the course, particularly shortly preceding death. 

Plasma and blood volume determinations on five vagotomized rabbits were 
performed by Parber.^® In two, an insignificant increase and decrease, re- 
spectively, of the plasma volume were present, while the decreases in the other 
three animals ranged from 17.6 to 30.7 per cent. The blood volumes of the rab- 
bits were more uniformlj’’ decreased, but some of his animals had suffered con- 
siderable hemorrhage from the trachea. The main difference in the arrangement 
of his study and ours was that his animals showed clinical evidence of pul- 
monary edema when the plasma volume determination was performed. The 
results obtained, however, are not strildngly different. The fact that he ob- 
tained significant reductions of the plasma volume in a higher percentage of his 
animals cannot be evaluated on account of the small number of animals used. 

In eight of our rats, which appeared in good enough condition following 
the second blood volume determination, the mean arterial blood pressure was 
measured by cannulation of the aorta with a mercury manometer. The readings 
ranged from 100 to 140 mm. Ilg in various animals, thus indicating a normal or 
slightly elevated arterial pressure. 

The heart rate before and after vagotomy was determined in this series by 
talcing electrocardiograms. The heart rate before vagotomy varied from 315 
to 500 per minute in various animals, A few minutes after vagotomy it was 
usually found to be elevated by 100 to 250 beats, but occasionally only by 50 
beats, per minute. 

The animals sundving the second blood volume deteimination wore killed 
by lAdfhdrauing the cannula from the aorta, which caused death in fifteen to 
thirty seconds. The two rats in which aortic cannulation was not performed 
were Icilled by decapitation. In none of these ten animals was there any pul- 
monary edema. On the other hand the rats dying spontaneously or during the 
second blood volume determination showed moderate or marked pulmonary 
edema in approximately half the cases. 


niscussiON 


^ Until recently the rat had been used only sporadically as the experimental 
annual for investigations concerning the effects of bilateral vagotomy In recent 
years, however, two important studies have appeared in which the rat was used 
exclusively (Weiser^s) or predominantly (Lorber="). These two investi<^ators 
came to totally different conclusions about the pathogenesis of pulmoiiaiy edema 
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subjected to a right-sided thoracic vagotomy. It proved very difficult to de- 
termine the right moment for the second blood volume determination, as the 
time of death of vagotomized rats cannot be predicted with any accuracy. Thus 
many animals died either before or during the second blood volume determina- 
tion. Out of a group of approximately 22 rats, the second blood volume de- 
teimination was successfully completed in only 10. It was carried out in these 
animals twenty-two to twenty-four hours after vagotomy. At this deteimina- 
tion, blood was obtained before injection of the dye and the plasma sample, 
diluted 60 times, served as the standard for the colorimetric readings. The 
cjinical course of the rats in tills group was quite similar to that in the urethane 
series described previously, the only difference being the shorter period of an- 
esthesia, since smaller amounts of urethane (approximately 700 mg. per Irilo- 
gram of body weight) were given. 


Table III. 

Blood and Plasma Volumes Before and After Bilateral Vagotomy 


PLASMA VOLUME* 


BLOOD VOLUME* 






ClIANGEt 



CHANGE t 


BAT 

before 

AFTER 

% 

before 

AFTER 

% 

REMARKS 

VTH7 

3.7 

2.7 

-27.0 

7.1 

5.0 

-29,6 C 

inly animal with 

BVl 

3.4 

3.6 

+ 5,8 

7.3 

6.8 

- 5.9 

thoracic vagot- 

BV6 

4.8 

4,1 

-14.6 

7.5 

6,6 

-12.0 

omy 

BV7 

3.8 

3.7 

- 2.6 

7.4 

6.1 

-17.6 


BVIO 

4.1 

3.3 

-19.5 

7.8 

6.1 

-21.8 ■) 


BVll 

4,4 

3.4 

-22.7 

7.9 

6.0 

- 24.0 


BV13 

3,4 

3.7 

+ 8.8 


. 

- 

Animals 

BV19 

4.4 

3.6 

-18.2 

8.3 

7.7 

- 7.2 ( 

transfused 

BV20 

4.7 

4,1 

-12.6 

8.5 

8.0 

- 5,9 


BV21 

3.3 

3.2 

- 3.1 

6.7 

6.2 

- 7.5 J 


Total average 

4.0 

3.5 

10.6 

7.6 

6.5 

14.6 



*In cubic centimeter per 100 errams of body weight. 
■fValues obtained on the basis of preoperaUve body weight 


Results . — The values for plasma and blood volumes in ten rats before 
and after bilateral vagotomy are charted in Table III. The plasma volumes of 
our normal rats ranged from 3.3 to 4.8 c.c. per 100 grams of body weight, with an 
average of 4 cubic centimeters. The corresponding values for blood volume varied 
from 6.7 to 8.5 c.c. with an average of 7.6. Following vagotomy the plasma 
volume was slightly increased in two rats and was decreased in eight. In these 
eight the amount of decrease ranged from 2.6 to 27 per cent. The greatest de- 
crease (27 per cent) occurred in the animal in which the right thoracic vagus 
had been cut and wliieh, therefore, had been exposed to mueh greater operative 
trauma than the other animals. The change in blood volume did not always 
run parallel to the change in plasma volume. Of the first four rats in the series 
one (Eat BVl) showed a decrease of 5.9 per cent in the blood volume, while the 
" plasma volume was increased by 5.9 per cent; and another (Rat BV7) had a 
decrease of 17.6 per cent in the blood volume, while the plasma volume was de- 
creased by only 2.6 per cent. This discrepancy was attributed to the removal of 
approximately 1 c.c. of blood during the first blood volume determination. In 
the remaining six animals in the series, the amount of blood removed was re- 
placed by an equal amount of eitrated rat blood immediately after the first blood 
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indicated by small areas o£ enipliysema wliieli were noted on microscopic exam- 
ination.) 

Tlie importance of inspiratory obstruction as the primary factor causing 
pulmonary edema in vagotomized rats is emphasized by the following points. 
(1) Bilateral vagotomy in the rat under ether anesthesia docs not necessarily . 
produce pulmonary edema. (2) Rats surviving the period in which inspiratoiy 
obstruction is mgrked rarely show pulmonary edema. (3) Urethane anesthesia 
decreases larmigospa.sm and further decreases the incidence of pulmonary 
edema. (4) All rats showing pulmonary edema of significant degree had eRher 
marked continuous or marked intermittent labored inspiration for a variable 
period before death. 

■ Our studies do not support the conclusion of previous investigators 
(Sehiff, Farber) that pulmonaiy vasodilatation and increased capillary per- 
meability' of neuroparalytic origin are important factors in the production of 
pulmonaiy edema of this ty’pe. Further important proof that pulmonary vascu- 
lar changes are, at the most, of secondaiy importance comes from the fact that 
some of the previous workers (Traube, Frey’') regularly' prevented the produc- 
tion of significant pulmonary changes by tracheotomizing their animals before 
vagotomy. Billroth, and even Schiff at times, obtained similar results in some 
of their animals. Lorber observed that in his tracheotomized vagotomized rats 
pulmonary edema was produced only if respiratory obstruction occurred through 
the accumulation of mucus in the tracheal cannula or in the airways. It is true 
that a few workers found pulmonaiy edema and congestion even in tracheot- 
omized animals. But the fact that this occurred in the hands of some investi- 
gators. while not in the hands of others, seems to indicate that the difference 
in the results was due to a difference in technique. 


The theory that pulmonaiy vasodilatation is directly^ due to vagotomy^ 
(i.e., to denervation of the pulmonary' vessels) also rests on insecure ground, 
because the importance of pulmonary vasomotor fibers in regulating the blood 
flow through the lungs is still controversial. While some investigators believe 


that vasomotor fibers play an important part in this regulation, others deny’’ 
this. For a discussion of this subject the reader is referred to the writings of 
Daly,^« Wiggers,==' and Harailton.^S'^ The most recent work, that of Hamilton 
and his co-workers, wlio used intact imanesthetized animals and differential 
manometers, is probably the most conrineing investigation of the pressure re- 
lationships in the pulmonary circulation up to date. Prom this work Hamilton 
reached the conclusion, first expressed by Dixon and Hoyle. that “the vaso- 
motor activity of the pulmonary arterioles is a feeble vestigial mechanism, which 
is without important function.” 

The theory of Traiilie and his school, namely that tlie inability of the vocal 
coifis to close during deglutition is responsible for the pulmonaiy changes 
following bilateral vagotomy, can he accepted only to explain hronehopnen- 
niomc lesions, and possibly pulmonary edema of late onset, wdiich is perhans 
of inflammatory origin. Early pulmonaiy edema, particularly that followiL 
vagotomy plus intravenous infirsion of saline, cannot be explained on this basis 
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lolloping bilateral yagolomj-, but agreed in an important finding, namely tliat all 
vagotomizcd rats died within a few hours, autopsy revealing moderate to severe 
pulmonary edema in all cases. In contrast, many of our rats lived for a con- 
siderably longer period, some of them up to three or four days, liloreover, 
only two-thirds of our animals operated upon under ether anesthesia and only 
one-third of those operated upon under urethane developed pulmonar}’^ edcnitt 
of moderate or marked degree. 

This important discrepancy between our findings and those reported by 
previous investigators is not due to accidental cutting of the eeiAocal sjTupathetic 
chains in addition to the vagal nerves, as rats in which the vagi only and others 
in which S3mipathetics and vagi were cut showed similar survival times and a 
similar incidence of pulmonaiw edema.*’" We believe the reason for the dis- 
crepancj’' to be the lesser degree of laiyngospasm and, therefore, of inspiratuiy 
obstmetion in our rats. 


That the larger exiierimental animals, apparent!}' with the exception of die 
rabbit, may survive bilateral vagotomj' practically indefinitely has been shcwai 
repeated!}'. Schafer^® demonsti-ated that bilaterally vagotomizcd eats could 
be kept alive for many months if the vocal cords had been cauterized. That 
dogs can survive in the absence of vagal innervation of the lungs and heart was 
demonstrated by Boothby and Shamoff,*"* who divided all vagal branches be- 
tween the recurrent laiA-ngeal nerve and the gastrointestinal branches. Pavlov®' 
also reported survival of dogs if one vagus was cut below the recurrent laryngeal 
nerve and the other in the neck. 


Laiyngospasm, however, is not the only cause of inspiratory obstruction in 
vagotomizcd rats. In rather deeply anesthetized animals laryngo.spasm may 
never occur. Furthermore, a few hours after vagotomy the vocal cords assume 
the cadaveric position, and remain in this position unless the animal is dis- 
turbed. Nevertheless, in these groups of animals severe inspiratory obstruction 
may occur. Undoubtedly, in most instances, this is due to accumulation of 
mucus in the airways ; it can at times be alleviated by wiping out mucus from 
the hypopharynx. When this is not possible, the point of obstruction may be 
lower down in the respiratoiy tract. Mucus was apparently an important factor 
causing inspiratoiy obstruction in those rats which had one cervical and one 
thoracic vagus cut. In spite of the fact that laiyngospasm was ruled out in these 
animals, some of them still showed severe inspiratory distress. 

It may be asked why the accumulation of mucus should give nse to ob- 
.struction winch is predominantly inspirator}L We believe this may be due to the 
movement of mucus plugs from channels of wider diameter to channels of smaller 
diameter during the inspiratoiy effort. Thus, an amount of mucus incapable 
of creating obstruction higher up will produce obstruction at a point lower in 
the airways. ' During the expiratory effort the plug will move in the opposite 
direction and therefore w'ill be much less Likely to produce respiratoiy obstnic- 
tion. (That localized expiratory obstruction may nevertheless occur may be 


‘Cutting oC the cervical sympathetlcs, -which probably leaves most pulmonary sjmpa 
thetic fibers intact, does not. of course, disprove the possibilltj- that thoracic .sympatneiic 
dencia-ation might influence the pulmonarj- changes foilowing bilateral vagotomy. 
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Fig-. 3. — A, Respiratory tracing before vagotomy (Inspiration = downstroke, expiration 
= upstroke). B, Immediately following vagotomy. That inspiration continues up to notch 
V is shown in Oj in which air withdrawn was pushed back at JJ, Time tracing m seconds. 


Similar observations were made in Iracbeotomized vagotomized animals. 
In these there was always a higher rise of the water during inspiration than 
during expiration. The difference was not as striking as in the rats breathing 
agamst inspiratory resistance. Usually a difference of 2 to 3 cm, was observed, 
but occasionally it was as much as 5 to G centimeters. This finding strongly 
suggests that, following vagotomy, there was an increase in the negativity of 
the intra-alveolar pressure during inspiration. 

The objection might be raised that in vagotomized animals mth a tracheal 
cannula there could not have been inspiratory obstruction, since laiyngospasm 
was ruled out in such experiments. We observed, however, that inspiration in 
these animals was moderately labored and prolonged immediately after vagotomy, 
that is, at a time when pulmonary congestion and edema, or the accumulation of 
mucus, could not have been responsible for this type of respiration. We also 
observed that labored and prolonged inspiration with laryngospasm developed in 
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It also appears doubtful that slow asphyxia, as such, may produce pul- 
monary edema. Tliis theory was first postulated by Sehafer^^" and recently was. 
restated by Short^^ to explain the pulmonary lesions in bilaterally vagotomized 
animals. According to Drinker’s studies,^® a very marked degree of anoxia 
" has to be present before increased pulmonary transudation, as evidenced by an 
increase in pulmonary lymph flow, appears. This increase did not take place 
until the oxygen content of the inspired air was lowered to 8.5 per cent. 
Drinlcer thought that even this increase in lymph flow originated only from 
those areas of the lung which w'ere poorly or not at all aerated on account of the 
use of artificial respiration. This relative immunity of the lung capillaries to 
lack of oxygen can probably be explained on the basis that they may derive their 
oxygen supply not onlj’’ from the blood but from the alveolar oxygen as well. 
That severe anoxia exists in vagotomized animals has never been shown. It is 
unlilcely to be a causative factor in the production of pulmonary edema in the 
short experiments that employ vagotomy plus the intravenous administration 
of fluids. It may be an additional factor in vagotomized animals Avith relatively 
long survival times, but we do not believe that it is of primary importance. 

It appears from our studies that a close correlation exists between the oc- 
currence of inspiratory obstruction and the development of pulmonary- edema 
in vagotomized animals. This causal relationship was first suggested by 
hlendelssohn.^^ Eeeently Lorber^^ concluded that respiratory obstruction was 
the most important factor producing pulmonary edema in vagotomized animals. 

Our experiments have shown that pulmonary edema of moderate to marked 
degree can actually be produced with regularity by inspiration against resistance. 
In rats breathing against inspiratory resistance, or in rats wdth inspiratory ob- 
struction, a markedly negative intra-alveolar pressure must be present during 
the forced inspiratory effort. This abnormal negative pressure ^vill tend to over- 
come the osmotic pressure in the pulmonary capillaries and di’aw a transudate 
into the alveoli. 

We did not attempt to measure the intrapulmonaiy pressure in our animals 
and were unable to measure intrapleural pressure in rats without producing 
pneumothorax of considerable degree. That the intra-alveolar pressure was 
highly negative in animals breathing against inspiratory resistance was 
indicated by the following observations. Under ordinaiy respiration the water 
in tubes A and B (Fig. 2) was sucked up into the glass tubes touching the water 
surface during inspiration in B and during expiration in A. A and B thus acted 
alternatively as water manometers, giidng a rough measurement of the pressure 
in the other tube and in the respiratory tract. Under normal respiration, with 
the tubes just touching the water surface, the water rose in them approximately 
3 to 4 cm., thus indicating a negative pressure in the respiratory tract during 
inspiration and a positive pressure during expiration. When inspiratory resist 
ance was produced, the water in the expiratory tube rose to approximately 9 
to 12 cm. during inspiration, thus indicating a considerable increase in the 
negativity of the intrapulmonary pressure. The pressure during expiration 
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will favor tlie transudation of fluid into tlie alveoli. 'It is clear, however, that 
these conditions do not necessarily lead to pulmonary edema. In our rats, as 
we have mentioned before, inspiration often ceased to be labored and prolonged 
at varying intervals following vagotomy. It was in tliese animals that pul- 
monary edema was not found at autopsy. 

The phenomenon of labored and prolonged inspiration immediately follow- 
ing vagotomy might lie explained by two possible mechanisms : One possibility 
is that the very slow and deep inspiration of vagotomized animals, which is due 
to the. loss of the Hcring-Breuer reflex, as such, induces a marked inci’ease in 
the negativity of the intra-alveolar pressure on account of the increased inspira- 
tory volume of air. The second possibility, first suggested by Auer and Gates, 
was that the lironchioles of vagotomized animals may become narrowed during 
in.spiration due to the flabbiness of the bronchial musculature, which has been de- 
prived of its nervous innervation. This phenomenon could, of course, occur only 
in bronchioles (as they contain no cartilage in their walls) and not in the 
bronchi. The dilatation of the bronchioles in vagotomized rabbits Avas clearly 
demonstrated in Short’s microscopic studies.^- That under abnormal conditions 
the bronchial lumen may become narrowed during inspiration has been obseiwed 
by Amberson'^' through the bronchoscope in a patient with chronic nontubercu- 
lous fibrosis, emphysema, and pulmonary infection, and in two patients with pul- 
monary tuberculosis. As Amberson had no direct evidence concerning the under- 
lying pathologic lesion, he assumed that the phenomenon was due to atrophy 
or malacia of the cartilages. 

Either of the two mechanisms, but particularly the latter one, would increase 
the negativity of tlie intra-alveolar i)re.ssure during inspiration. Thus the same 
basic mechauism would operate in vagotomized rats, in which laryngospasm is 
either spontaneously absent or artificially obviated by tracheotomy, a.s' would 
operate in Amgotomized rats vith laryngospasm. That there are also other 
factors favoring the occurrence of pulmonary edema during forced breathing, 
besides an intra-alveolar pressure of abnormal negativity, is indicated liy the 
work of Hamilton’*'' on anesthetized dogs breathing stertorously. Kecording 
differential iiressures between pulmonary artery and vein, as well as betAveen 
pulmonary artery and thorax, they noticed the gradient of pre.s.sure to fall almost 
to zero during inspiration. During expiration the jiressure gradient, before re- 
turning to normal, rises to tAvo or three times its normal value. 

In addition, Huggett^^ shoAved long ago that inspiratory resi.stance in- 
creases the cardiac output. Eeecntly Shuler and his as.sociatcs)'’ liaA'c demon- 
.strated an increase of the output of the right ventricle and a decrease of the 
output of the left ventricle during inspiration. These changes they attributed 
to the aspiration of blood into the right ventricle and to an increase in the 
pulmonary vascular capacity. These Avorkers also shoAved that these circula- 
tory conditions Avere reversed during expiration. In breathing against inspira- 
tory resistance. hoAA-over, and particularly during the sIoav, labored inspiration 
of vagotomized animals, the circulatory changes during inspiration must far 
outAveigh those occurring during the unhampered expiration. It is clear tliat 
the abnormal circulatory dynamics accompanying labored inspiration AA-ill pro- 
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rats TOth the right thoracic and the left cervical vagus cut/' apparently before 
the accumulation of mucus could take place. 

We tried to obtain additional objective evidence to substantiate the observa- 
tion that inspiration appeared prolonged and labored even in tracheotoinized 
rats wdth bilateral^ vagotomy, and that it occurred immediately followiiifr 
vagotomy, before mucus could accumulate in the airways. In three rats, breath- 
ing through a Y-shaped tracheal cannula connected to Marriotte tubes, respira- 
tions were recorded before and immediately after bilateral vagotomy, on a 
kj-mograph from a small tambour, which was connected by a T tube into one of 
the circuits. Satisfactory records were thus obtained (Pig. 3). The relative 
duration of inspiration and expiration is very distinct before, but not after, 
vagotomy. As the volume of respiration increases, overshooting occurs in the 
tambour during inspiration. That inspiration actually lasts up to the end of the 
notch N (Pig. 3, B) was proved by connecting a syringe instead of a rat to the 
system. When 0.5 e.c. of air wms quickly injected, the same overshooting oc- 
curred as did the yagotomized rats, the lever then remaining at a lower level 
until the plunger of the syringe was pulled back (Pig. 3, (7). The absolute and 
relative durations of inspiration and expiration in two rats, before and after 
bilateral vmgotomy, are seen in Table IV. In a third rat we obtained similar 
re.sults, which are not reported in detail since no time tracing was taken. These 
experiments demonstrated that vagotomy approximately doubled the duration 
of a single inspiration, while it did not change a single expii’ation. On account of 
the slow respiration following vagotomy, the total duration of inspiration was 
reduced, but the duration of expiration per minute was much more reduced. 
The increase in the ratio inspiration to expiration, folloAring vagotomy, would 
probably have been even more striking had not the system through which the rat 
was breathing in itself offered some I’esistance to inspiration. The presence 
of such resistance Avas indicated by the relathm prolongation of inspiration CA-en 
before Amgotomy. 

Consequently. Ave may say that immediately folloAving vagotomy inspira- 
tion becomes prolonged and labored, that it is accompanied by an abnormal 
increase in the negatiAuty of the intra-ahmolar pressure, and that this is not 
counteracted by a prolonged expiration or an increase in the positiA'e pressure 
during expiration. Again Ave AAmnt to emphasize that these pressure relationships 


Table IV . Dukatiox of Inspik.\tiox and Expiration* Before and After Bilateral 

Vagoto-aiy 
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inspiration*'' 

expiration* 
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SINGLE 

i PER MINUTE 1 

1 SINGLE 

[ PER MINUTE 1 

EXPIRATION 

Eat 

K2 

Before vagotomy 
After vagotomy 

0.21 

0.41 

22.05 

13.94 

0.11 

0.10 

11.55 

3.40 

1.9 

4.1 

Eat 

KS 

Before 

After 

0.17 

0.34 

23.80 

10.88 

0.11 

0.11 

15.40 

3.54 

1.5 


^Duration in seconds. 


‘The quesUon whether the labored 
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for pulmonary edema in sucli instances. The author has not observed clinically 
patients with cerebral lesions who develop pulmonarj* edema, and is therefore 
unable to say whether inspiratory obstruction occurs late during their course. 
The importance of preventing inspiratory obstruction in patients under general 
anesthesia is obvious. 

SUMMARY 

The pathogenesis of pulmonaiy edema observed in patients with lesions of 
the central nervous system in the absence of heart disease has never been sati.s- 
factorily explained. Some investigatoi’s believe that similar conditions exist in 
experimental pulmonary edema following bilateral vagotomy. They attribute 
this type of pulmonary edema to disturbances in the vasomotor control of the 
lung vessels and believe that the same factor is operating in the ‘'neurogenic’’ 
pulmonary edema in man. Our studies on bilateral vagotomy in the rat do not 
support these conclusions. The evidence olitained by our work suggests that the 
important factor in pulmonaiy edema following bilateral vagotomy is inspiratory 
obstruction. We do not deny the possibility that “neuropatliie” pulmonary 
edema may occur in man. However, bilateral vagotomj" does not apjiear to 
furnish proof for the existence of pulmonary edema of such pathogenesis. 

The author ■wishes to express his gratitude to Dr. Tinsley E. Harrison for the en- 
' couragement and helpful ad'rice given throughout this study. Grateful acknowledgment 

i.s also made to Dr. Ao-thur Grollman for stimulating criticism. 
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(luce stagnation of abnormally large amounts of blood in the pulmonary vascular 
bed. ‘ This in turn will favor the transudation of fluid into the alveoli if a great 
negative intra-alveolar pressure is present at the same time. 

Our further experiments showed that pulmonary edema can be produced 
with regularity, and in a short time, in rats breathing against inspiratory resist- 
ance while receiving normal saline intravenously at a rapid rate. The degree of 
pulmonarj’’ edema and the rapidity ^vith which it occurred in these animals 
and in vagotomized and traeheotomized animals receiving intravenous fluids was 
quite comparable. Thus Farber’s contention^® that inspiratory obstruction 
could not have been a factor causing pulmonary edema in the short-term 
experiment of vagotomy plus the infusion of intravenous saline, was not sus- 
tained. 

There was, however, a striking difference in the degree of pulmonary edema 
between the two groups of rats mentioned previously and the group of vagot- 
omized but not traeheotomized rats. Inspiration was more labored iu the 
animals with, than in those without, tracheotomy, which we attribute to the 
fact that the tracheal cannula and the system of Marriotte tubes in itself pre- 
sented some resistance to inspiration, as we have pointed out previously. The 
degree of pulmonary edema in the nontraeheotomized rats receiving intravenous 
fluids was small indeed. This again emphasizes the importance of inspiratory 
obstruction or resistance in the genesis of this tjqpe of pulmonary edema. It 
also stresses the role played by the tracheal cannula in producing pulmonary 
edema, as pointed out recently by Short,^^ and long ago by Traube, who devised 
a special cannula to prevent a harmful effect on the respiratory tract. 

It appears that the occurrence of pulmonary edema in vagotomized animals 
can be best accounted for by the marked disturbances of respiration, particularlj’^ 
by inspiratory obstruction, which follow bilateral vagotomy. We believe, there- 
fore, that the conclusions that have been drawn from this experimental proce- 
dure regarding the pathogenesis of pulmonary edema in patients with lesions 
of the central nervous sj’^stem are not justified. Prom our studies we cannot, of 
course, deny that a true “neuropathic” pulmonary edema, that is, pulmonary 
edema due to pulmonary vasodilatation and increased capillary permeability, 
may exist in man. But we believe that the procedure of bilateral vagotomy 
furnishes no experimental proof for the existence of pulmonary edema of such 
pathogenesis. We, furthermore, doubt that a procedure lilce bilateral vagotomy, 
which causes such complex and hardly controUable physiologic disturbances, can 
be a suitable one to either definitely prove or disprove the existence of a truly 
neuropathic pulmonarj’’ edema. 

It would seem that pulmonary edema as seen in patients may at times be due 
to inspiratory obstruction. Pulmonary edema of moderate degree and %vithout 
demonstrable cause is often found at autopsy. This induced Cohnheim to say 
that many people do not die because they have pulmonary edema, but they have 
pulmonary edema because they die. He thought that the edema in these cases 
might be caused by the right ventricle continuing to work after the left has 
stopped. The question arises whether inspiratory obstruction caused by the 
accumulation of mucus, and possibly by the relaxed tongue, may be responsible 
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T he subject oX hypertension iias engaged the attention oX many investigators 
in recent years. Stimulus was given to these investigations Ijy the experi- 
ments oX Goldblatt and Ins associates relating to tlie j’ise in blood pressure wliieli 
Xollows the preparation oX an ischemic kidney^’ ^ and by the studies oX Page-"" re- 
lating to the chemical background of hypertension. The surgical treatment of 
hypertension, which has also increased tlie interest in and .study of this sub- 
ject, will be discussed in a succeeding paper.-"’ 

From an anatomic study of renal biopsies from one hundred hypertensive 
patients, Castleman and Smithwiek® concluded that “the morphologic evidence 
of renal vascular disease in more tliiin half of the eases was inadequate to be the 
sole factor in producing the hypertension. Furthermore these observations are 
not in keeping with the concept that renal ischemia due tp pre-existing renal 
vascular disease is the cause of e.ssential hypertension in man.’’ Talbott. 
Castleman, Smithwick, i\Ielvillc, and Pccora," from a correlation of renal ])i- 
opsies with renal clearance, concluded that constriction of efferent glomerular 
arterioles was not present in the early .stage of renal vascular di.scase. 

Pickering® found the rate of blood flow through the forearm in hypertensive 
subjects the same as that, in subjects with normal blood pressure and concluded 
that, owing to vasoconstriction, the re.sistancc offered by the vessels of the fore- 
arm is increased in hypertension. Prinzmetal and Wilson’’ also found that the 
re.sting blood flow in the arm was within normal limits and concluded that 
increased Amscular resistance is not confined to the splanchnic area but is gen- 
eralized throughout the systemic circulation. Abramson and Fherst,^° using the 
venous occlusion plethysmographic method, found that the resting blood flow 
through the arm and leg was significantly greater, but that through the hand 
was less in hypertensive subjects than in normal subjects. They concluded that 
their observations directly contradicted the prevailing theory that there is gen- 
eralized and uniformly increased peripheral re.sistancc in Jiypertension. 

One of the results of the.se studies has been the accumulation of a vast 
amount of literature which has contributed much to the understanding of hyper- 
tension. However, the mechanism of hypertension, whether it is of nervous or 
humoral origin, still remains unexplained. It appeared to us that a study of 
the total peripheral blood flow in essential hypertension might be of interest in 
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with 73 c.c. per square meter per minute for a group of normal young male 
subjects^® at the same room temperature (Table I, Fig. 1), While the periph- 
eral blood flow is' statistically significant in the group of normal jmung adults, 
the fluctuations in the hypertensive groups are such that the difference from the 
young normal male group is not significant. There was no significant difference 
in the peripheral blood flow in the men of the hj^pertensive group as compared 
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the whole general problem as there are conflicting views about the blood flow 
in local areas. "We have accordingly measured the amount of blood allotted to 
the peripheral circulation in patients suffering from essential hypertension. 
These observations form the basis of this report. In another paper the effects 
on the peripheral blood flow of splanchnic resection for the lowering of blood 
pressure will be appraised." 

Sixty-nine observations were made on 56 patients who had arterial hyper- 
tension; 25 were men, and 31 were women. The agas ranged from 19 to 66 
years. 

METHODS 

The peripheral blood flow was measured by our modification”' ” of the 
method of Hardy and Soderstrom.'® Hardy and Soderstrom have shown that, 
at a temperature below 28° C., the sldn functions like a dead insulator when the 
subject is lying nude in the basal state, and that blood flow to the sldn, thermal 
conductivity of the peripheral tissues, and vaporization are constant and mini- 
mum. With an increase in blood flow to the periphery, more heat is brought 
from the deeper tissue to the surface. This increases the thermal conductance 
of the superficial tissues; therefore, changes in thermal conductance become an 
index of peripheral blood flow. With this method, blood flow is expressed as a 
function of heat loss, surface area, merage weighted skin temperature, and 
rectal temperature.. The method requires the recording of skin and rectal tem- 
perature” at known intervals, oxygen consumption,” height, and body 
weight.”’ ” The skin temperatures were recorded with a Hardy-Soderstrom 
radiometer” from eleven points on the anterior surface of the body as sho\vn in 
Pig. 1. With this method the amount of blood allocated to the whole periphery 
of the body is measured, rather than the flow in local areas, and may be expressed 
in cubic centimeters per square meter of body surface per minute. 

Plan of Procedure. — The plan of procedure was that described in recent 
publications.”’ All measurements were carried out in the morning before 
breakfast with the patients in a basal metabolic state. They were brought to 
the constant temperature room and allowed to lie in bed nude, covered only 
Avith a sheet. One hour was allowed for adjustment to the room temperature 
of 27° C. and 50 per cent humidity. Measurements of skin and rectal tempera- 
tures were made at twenty-minute intervals. Each set of observations covered 
a period of sixty to one hundred minutes. Blood pressure and pulse rate were 
recorded between temperature readings. The basal metabolic rate was measured 
at the beginning and again at the end of the morning ’s observations. 

Four to six sets of skin and rectal temperatures were recorded from which 
three to five estimations of peripheral blood flow could be made for the morning. 
The data recorded in Table I for each date show the averages of the peripheral 
blood flows, temperatures, blood pressures, and heart rates for the morning. 

OBSERVATIONS 

The results of tlie observations are shown in ^able I and Pig. 1. 

Peripheral Blood Floiv. — The average peripheral blood flow of the whole 
group was 57 c.c. per square meter of body surface per minute, as compared 
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hypertensive subjects than in the normal subjects (Table I, Pig. 1). Although 
these differences are not significant statistically, it appears more than chance 
that in both men and in women with hypertension the upper part of the body 
is warmer and the lower part is cooler. It would not be expected that the 
means should take such a precise arrangement if it were the result of chance. 
The reduction in temperature of the lower part of the body is greater than the 
elevation of temperature of the upper part of the body, so that the average of 
the weighted sldn temperature is, on the whole, less in the hypertensive patients. 

Blood Pressure. — The average of the blood pressures for this hypertensive 
group was 183/121 (Table I). 

P^ilse Rate. — The average of the pulse rates of this hypertensive group 
was 76 per minute (Table I). 

Basal Metabolic Rate. — The average of the basal metabolic rates of the 
group ■with hypertension was +3 per cent, while that of the normal subjects was 
-5 per cent (Table I, Fig. 2). 

PRE-OPERATIVE HYPERTENSIVES 
BASAL METABOLIC RATE 

DQI 

o o 

o o 

• o • 

• O O #0 o o 

•XO 00* o oo o»o •0* • 

• O OMOM M* MWXVOMO 0M«*0 OOOM • OO •• 

^ ub 6 ub ^ ^30 540% 

•=MALE I AVERAGE FOR MALES 

o=FEMALE D AVERAGE FOR FEMALES 

D AVERAGE FOR BOTH GROUPS 

Fig. 2. — In this figure Is shown the scatter of the basal metabolic rates of the patients whose 

data are shown in Fig. 1. 

DISCUSSION 

These observations show certain differences in the peripheral blood flow 
and rectal and sldn temperatures of hypertensive subjects as compared with 
those of young normal subjects. We did not have a comparable mixed group 
of normal young men and women for comparison but have used the young male 
group on which observations have already been reported. On comparison of 
the male component of this group of hypertensives with the group of normal 
men, it was found that these show the same trends as in the average of the male 
and female hypertensive groups, but the differences were slightly less marked. 
The trend is for a lower peripheral blood flow in the hy-pertensive group than 
in normal subjects, that the hand (Area 7), abdomen (Area 4), and arm 
so. The room temperature of 27° C. was chosen in order to have vasodilatation 
present in each series. The rectal temperature was higlier in the hypertensives 


o 
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with the group of normal young adults, or in the peripheral blood flow of the 
men of the hj^ertensive group as eompared with the women with hypertension. 

Average Rectal Temperature. — The average rectal temperature for the 
h^-pertensive patients was 37.27° C., ^vith a range of 36.68° 0. to 38.29° C., 
while the average rectal temperature of normal young subjects was 36.79° C., 
wth a range of 36.32° C. to 37.24° C. Although on statistical analysis the dif- 
ference is not significant, the rectal temperature of hypertensive patients was 
higher than that of normal persons .(Table I, Fig. 1) ; most of the hypertensive 
patients have rectal temperatures above 37°, while most of the normal persons 
have rectal temperatures below 37°. 

Average Weighted Skin Temperature . — The average weighted skin tem- 
perature of the whole body of the h^T^ertensive patients was 33.59° C., with a 
range of 32.01° C. to 35.34° C., while the average for the normal young sub- 
jects was 33.74° G., Awth a range of 32.65° C. to 34.36° C.^® (Table I, Fig. 1.) 
In short the mean of the average weighted skin temperature of the hypertensive 
patients was cooler than that of normal young subjects, but the difference is not 
statistically significant. 

Temperature of Hands. — The average of the temperatures of the hands in 
hypertensive patients was 34.3° C., with a range of 31.2° C. to 35.4° C., while 
the average temperature for the normal young subjects was 34.4° C., -with a 
range of 32.8° C. to 35.5° C.‘® (Table I, Fig. 1). That is to say the hand tem- 
peratures in tlie group with hj-pertension were essentially the same as those of 
the normal subjects, but the fluctuations were greater. 

Temperahire of the Feet. — The average of the temperatures of the feet in 
hypertensive patients was 32.1° C., with a range of 27.0° C. to 35.2° C., as eom- 
pared with an average temperature of 32.7° C., vdth a range of 26.0° C. to 
34.3° C., in normal subjects^® .(Table I, Fig. 1). In short, the foot temperature 
of liypertensive patients was slightly colder, but because of tiie wide fluctuations 
of the foot temperature in individuals (emotional effects, etc.) the difference is 
not statistically significant. 

Temperature of Forehead. — The temperature of the forehead in hyperten- 
sive patienta averaged 34.7° C., with a range of 32.2° C. to 35.7° C., as compared 
with an average of 34.4° C., -with a range of 33.8° C. to 34.9° C, for the normal 
gi’oup^® (Table I, Fig. 1). In shoil;, the forehead was slightly warmer in hyper- 
tensive patients than in normal young subjects, but the difference is not statis- 
tically significant. 

Temperatures of Arens of the Body Considered as Regions, — ^When the tem- 
perature of the indimdual areas of the body are considered in relation to each 
other, it is seen that tlie temperature of the upper part of the body, including 
the forehead (Area 1), upper chest (Area 2), and lower chest (Area 3), is 
warmer in hypertensive than in normal subjects.’® The temperature of the 
abdomen (Area 4), arm (Area 5), and hand (Area 7) is essentially tlie same 
in those %vith hypeiiension as in nonnal subjects. The temperature of the lower 
part of the body, including the forearm (Area 6), upper thigh (Area 8), lower 
thigh (Area 9). leg (Area 10), and foot (Area 11), however, are colder in the 
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eral blood flow and rectal temperature in these subjects, nor between "systolic 
or diastolic levels of blood pressure and peripheral blood flow. 

The average of the basal metabolic rates for the whole series of hypertensive 
patients was -r3 per cent, compared ivith an average of -5 per cent in normal 
men. The range in both from minus to plus basal metabolic rates was slightly 
greater in the hypertensive series, but the basal rate in hypertension does not 
appear to be appreciably greater than in normal subjects’® or in other patients 
with heart disease before the onset of failure.-” These observations are in agree- 
ment with those of Shapiro-’ who found that the basal metabolic rate in hyper- 
tension falls within accepted normal limits. 



Fig. 3. — In this figure the peripheral blood flows of all patients (Table ,1) are plotted 
against the corresponding average skin temperatures. A linear coi relation is demonstrated, 
which, however, is not as clo'se as the coi relation after operation.'' 

It is of interest to compare the data relating to the male subjects in this 
younger group of hypertensive patients with the hypertensive male patients in 
the later decades.^- The peripheral blood flow in the younger subjects was 
loiver than in the older ones but not .significantly so stati.stically. The rectal 
and average weighted skin temperatures were higher in younger hypertensive 
patients, but again the difference was not great enough to lie significant. With a 
few exceptions the temperatures for all the areas of the body were greater in the 
younger group of hypertensive patients. The exceptions were the temperatures 
of the hand (Area 7). which were decreased, and of the lower thigh (Area 9} 
and leg (Area 30), wliich were the same. The differences, however, were not 
significant. Although on statistical analysis the differences are not significant, 
there is the pattern in wliich there appears to be a trend toward lower peripheral 
blood flow and greater rectal and skin temperatures in young hypertensh'e pa- 
tients than in those with hypertension who reach the later decade.s. In .short. 
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than in normal subjects, Init the average Aveighted skin, temperature Avas less. 
The hands Avere of tlie same temperature in the hj'pertensiAm patients as in the 
normal persons, but the feet AV'ere colder. The foreheads of the hypertensive 
patients Avcre slightly AAmrmer than normal, but the difference aams not suf- 
ficient to explain the flush AA'hieh hypertensive patients exhibit clinically. 

It is seen that the upper part of the body is Avarmer in liATpertensiA’c than 
in normal subjects, that the hand (Area 7), abdomen (Area 4), a'nd arm 
(Area 5), liaA-e the same temperature in hypertensive and normal individuals; 
and that the loAver part of the body, including the forearm (Area 6), upper 
thigh (Area 8), loAA'er thigh (Area 9), leg (Area 10), and foot (Area 11), is 
colder than normal. The reduction in temperature in the loAver part of the 
body is greater than the elevation of temperature in the upper part. As a con- 
sequence, the average Avcighted skin temperature is colder in hypertensive pa- 
tients than in normal subjects AA’hen the AA'hole gToup is considered; for the 
male group alone, hoAvever, the average skin temperature Avas the same as in the 
normal group. The AA’armer upper part indicates increased peripheral blood 
floAv to this part, the normal temperature of the middle part of the body in- 
dicates an essentially normal amount of blood floAv in this area, and the cold 
loAver pail of the body indicates a decreased amount of blood allotted to the 
peripheral circulation in this part. Reduction in temperature of the colder 
pail is so much more marked than the rise in temperature of the Avarmer part, 
taking into consideration Aveighting of different parts of the body, that the total 
amount of blood allotted to the Avholc periphery of the body is decreased as com- 
pared AAuth a normal subject. There appears then to be vasodilatation in the 
upper part of the body and vasoconstriction in the loAver part. As a conse- 
quence, the skin cannot dissipate efficiently the increased amount of heat pro- 
duced. and inci-eased heat stoixigc and rise in rectal temperature result. 

Abramson and Fierst^® found the Tc.sling blood floAV to the forearm and 
leg of hypcr(cnsiA’’e patients by the A'enous occlusion method Avas greater Avdiile 
that in the hand Avas less than in a normal group they obserA'^ed. This method 
measures the total amount of blood going to that part in cubic centimeters per 
minute per 100 c.c. of limb volume. On the other hand, the method avc have 
used measui’cs the average amount of blood allotted to the periphery of the 
Avholc body in cubic centimeters per square meter of body sui’face per minute, 
for a depth of about 1 cm. below the skin .surface. Steele and Kirk^® in a study 
of nine hA-pcrlensiAT patients did not find am* difference from normal in the skin 
temperature in the areas from Avhich they recorded the temperature. Differences 
in the general plan and technique of the Iaa'o sots of experiments may account 
for these differences; our patients aa-ci-c nude and remained basal throughout 
the morning the ob.serAmtions Averc made; moreoA^er the larger number of pa- 
tients in our series piay give a Avider spread of Amriations. 

In these patients Avith hypertension there is a linear correlation betAveen 
peripheral blood floAv and the average Aveighted skin temperature (Pig. 3) since 
the higher average skin temperatures Avere a.ssociated Avith higher values for the 
peripheral blood floAv. There Avas no demonstrable correlation betAA’cen periph- 
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tension of pIieoeliromoeji;oma®'^ in which, there is reason to believe that there is 
vasoconstriction due to the discharge of epinephrine into the blood stream, the 
effects would be expected to be generalized. In accord with this theory, we 
found^^ that the skin in most parts of the body was colder than normal, with 
a low average weighted skin temperature and very cold forehead, hand.s, legs, 
and feet. _ 

SmiMARY 

The peripheral blood flow and average skin and rectal temperatures have 
been measured under basal conditions in 56 patients suffering from arterial 
hypertension. A modification of the method of Hardy and Soderstrom was used. 
Observations were made at an environmental temperature of 27° C. and 50 per 
cent humidity. 

1. The average peripheral blood flow for the group is slightly decreased as 
compared with normal subjects, but the difference does not appear to be statis-' 
tically significant; the range is essentially the same as in normal subjects. 

2. The rectal temperature' is higher than in normal subjects, the tempera- 
ture being over 37° C. in most hj^iertensive subjects and under 37° C. in the 
normal control group. 

3. The average weighted skin temperature is lower than that in normal 
subjects, but the difference is not significant statistically. 

4. In hypertensive patients the temperature is higher than normal in the 
upper part of the body, is near the normal level in the middle part of the 
body, and is cooler than normal in the lower part, especially in the feet. 

5. There were no significant differences between the peripheral blood flow 
or rectal or sldn temperatures of the men and those of the women with hyper- 
tension. 

6. The level of the peripheral blood flow is unrelated to the level of the 
systolic or diastolic blood pressure in individual patients, and a linear correla- 
tion between peripheral blood flow and blood pressure level was not apparent. 

7. In these patients with hj^per tension there was a linear correlation be- 
tween the level of peripheral blood' flow and the average weighted sldn tem- 
perature, in that the higher the skin temperature the higher the peripheral 
blood flow. 

8. The basal metabolic rate in hjqiertensive patients is within the normal 
range. 

9. The h 3 rpertension of patients observed in this study exhibits different 
characteristics from those prevailing in coarctation of the aorta and in pheo- 
chromoeytoma, in which the local skin temperatures are, respectively, warmer 
and cooler than normal. 
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the deviation from the normal is not as great in older individuals with hyimrteu- 
sion as in the younger hypertensive patients. 

It is of interest to compare the measurements in patients suffering from 
essential hypertension with those made in patients in whom hypertension was a 
consequence of coarctation of the aorta.®^ The data in the two sets of observa- 
tions are not strictly comparable, because in tlie latter group observations were 
made at 25° 0., while in the observations now being reported the room tem- 
perature was 27° C. In the patients with coarctation of the aorta the average 
weighted sldn and rectal temperatures were higher than those in normal sub- 
jects at the same room temperature, and, moreover, the temperatures of the skin 
of all the eleven areas of the body which were measured were higher than those 
in normal subjects. The hj’pertension of coarctation of the aorta is associated 
with warm feet and that of essential hypertension is associated with cool feet. ^ 
The cardiac output in coarctation of the aorta is increased^^ so that there is 
available an increased amount of blood for allotment to the periphery of the 
body. 

Starr and his associates^® and Stewart^® have shown that in certain patients 
with hypertension without heart failure the cardiac output is within the nor- 
mal range, while in others the cardiac output is decreased. Starr found that 
those patients A\’ith the smaller cardiac output had smaller hearts than those with 
large outputs. In some, the cardiac output was smaller than that in subjects 
with normal hearts. This reduced cardiac output achieves the maintenance of 
hjTjertension without increase in the heart’s basal work. Since measurements 
of cardiac output were not available in the group of patients we are now report- 
ing, correlation with the trend toward decrease in peripheral blood flow could 
not be made. 

The manifestations of the high blood pressure of essential hypertension are 
also different from those in the hypertension of pheochromocytoma. In a pa- 
tient .suffering from such a tumor, observations^* pointed to marked generalized 
peripheral vasoconstriction. The peripheral blood flow was decreased even 
though the basal metabolic rate was 448 per cent which would be expected to 
increase the peripheral blood flow (Stewart and Evans^®) . The average weighted 
skin temperature was decreased (32.45° C.), and the temperature of the hands 
and feet was verj'^ cold (31.10° C. and 26.80° C., respectively). Because the 
body could not dissipate the increased amount of heat produced, there was heat 
storage and a high rectal temperature resulted. 

These observations indicate that the elevation of arterial pressure in hy- 
pertensive individuals does not depend on constriction of the arterioles of the 
skin, subcutaneous tissue, and muscle to the depth of 1 cm. below the surface. 
Steele and Kirk’® arrived at a similar conclusion. While on the average the 
peripheral blood flow may be decreased in hypertension, there is no correlation 
between the peripheral blood flow and the level of blood pressure. Moreover, 
if the rise in blood pressure were dependent on such vasoconstriction, which 
would presumably be generalized, it would be difficult to explain the tendency 
to increase in warmth of the upper part of the body and decrease in temperature 
of the lower part in hypertensive individuals. On the other hand, in the hyper- 


AN EVALUATION OF THE USE OF MULTIPLE VERSUS SINGLE ' 
■ PRECORDIAL LEADS, IN CONJUCSX'TION WITH THE 
THREE LIMB LEADS, FOR PRACTICAL 
CLINICAL ELECTROCARDIOGRAPHY 

Bexjamix Maxchester, M.D., axd Claytox B. Ethridge. M.D. 

Washixgtox, D. C. 

T he value oi piecordial^leads in clinical eleclrocardiograpliy lias been clearly 
established through numerous studies and extensive practical experience 
since the independent observations of Wolfertli and Wood^ and Wilson and 
his co-u'orker.S" ivere first reported in 1932. Differences of opinion and uncer- 
tainty still exist, however, concerning the most reliable and practicable method 
of utilizing precordial leads for clinical purposes, particularly with regard to 
the number of precordial positions that need to be explored and the proper 
location for the remote electrode. On the other hand, it is quite generally 
accepted at the present time that the traditional three limb leads’ should be 
retained as the basic leads for clinical use. and that in conjunction with these 
one or more precordial leads should be employed. Althougli investigations 
dealing with "unipolar”"* and "augmented unipolar”'’ limb leads, as well as 
M'ith esophageal leads,*’ have aroused considerable interest during recent years, 
additional studies are needed to demonstrate how practical these special leads 
are for ordinary clinical use. 

In 1938, the Committee of the American Heart Association for the Stand- 
ardization of Preeordial Leads'’ ® described in detail the techniques for re- 
cording and agreed upon the terminology for identifying single and multiple 
precordial leads of various accepted types; but the Committee was unwilling 
at that time to decide on any standard procedure for the use of preeordial 
leads in clinical practice. [More recently this Committee'’ has expressed the 
opinion that a single preeordial lead fi-om the region of the cardiac apex, or 
from any other part of the precordium, is inadequate and has stated that three 
is the least number of preeordial leads that can be regarded as satisfactory 
for general purposes. However, notwithstanding this and other recent devel- 
opinents’®'” with regard to the .suiieriority of multiple over single preeordial 
leads, electrocardiograms Avhich combine the three limb leads with only a .single 
preeordial lead are still used extensively. Probably by virtue of its originally 
demonstrated utility/*’ the single preeordial lead most commonly employed 
is an apieal lead taken with the preeordial electrode located at the outer 
border of the cardiac apex and Avith the remote electrode located on the left 
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tion of the relative merits of these two combinations of leads for use in prac- 
tical clinical electrocardiography. 

MATERIAL AND METHODS 

Clinical and electrocardiographic examinations were made on each of 224 
adult persons. These included an adequate number of normal controls and 
different examples of the commonly encountered forms of cardiac abnormality. 
No ease was included on the basis of the comparative electrocardiographic 
findings per se. 

Each of the 224 test subjects was thoroughly studied clinically to deter- 
mine the presence or absence of cardiac abnormality and the etiological basis 
for heart disease, when present. The classification of the individuals studied, 
as determined by the clinical examination, is shown in Table I. Sixty-eight 
test subjects had no clinical evidence of heart disease and were utilized as 
normal controls, whereas 156 test subjects had definite clinical evidence of 
cardiac abnormality. In the latter group, 53 had hypertensive heart disease, 
36 had experienced a recent myocardial infarction, 43 had coronary arterio- 
sclerosis without indications of remote or recent myocardial infarction, 12 had 
chronic vahmlar heart disease of rheumatic or syphilitic origin, 5 had con- 
genital cardiac lesions of a sort compatible with adult life, 4 had pulmonary 
disease with evidences of acute or chronic cor pulmonale, 2 had thyrotoxic 
cardiac disease, and 1 had a beri-beri heart. 

Table I. Clinical Classifications of 224 Individuals Studied 


Total with no clinical evidences of heart disease (normal controls) 68 

Hypertensive heart disease 53 

Eecent myocardial infarction 36 

Arteriosclerotic heart disease 43 

Valvular heart disease of rheumatic or sypliilitic origin 12 

Congenital cardiac lesions (adult type) „ 5 

Pulmonary disease with acute or chronic cor pulmonale 4 

Thyrotoxic heart disease 2 

Beriberi heart disease ' 1 

Total with definite clinical evidences of cardiac ahnormality 156 

Total individuals studied 224 


One or more electrocardiograms were taken on each of the 224 persons 
studied. All tracings were made with the subjects in the reclining position. 
In every ease Leads I, II, HI, and iVE, and CB leads from the six recognized 
precordial positions® Avere recorded. 

In analyzing the individual electrocardiograms, the three limb leads were 
interpreted as showing abnormality when significant cardiac arrhythmias were 
noted ; when the P-R intervals or the QRS complexes ivere of greater duration 
than 0.20 and 0.10 second, respectively ; ivhen the QRS complexes shoived low 
voltage in all three limb leads ; ivhen Q waves greater than 25 per cent of the 
amplitude of the R waves were present in Leads I or 11 ; when broad S Avaves 
Avere noted in Leads I and II; Avhen the S-T segments Avere displaced more 
than 1 mm. from the isoelectric line in either direction in any limb lead ; Avhen 
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leg. The combination of Leads 1, 11, HI, and IVF has been so widely nsed in 
clinical practice over the past decade that many physicians still erroneously 
believe that this particular series of leads constitutes the modern standard 
electrocardiogram, that the use of multiple precordial leads is a supplementary 
procedure for the more scientific study of selected eases, and that the need for 
multiple precordial leads can be anticipated in' particular situations. In the 
light of recent experience and current' informed opinion, these assumptions 
are not iustified. One is forced to conclude, therefore, that the advantages of 
multiple rather than single chest leads and the necessity for their use in clin- 
ical practice have not been sufficiently emphasized. 

Despite the reluctance of many cardiologists to adopt multiple precordial 
leads in ordinary clinical practice, among those who have studied precordial 
leads most fully,® there are no important disagreements regarding the supe- 
riority of multiple over single preeordial leads for general purposes. On the 
other hand, the problem of the proper location for the remote electrode has 
become involved in the current discussion'®’ " over the validity of the Einthoven 
equilateral triangle hypothesis'®* '® that the himian body acts, witli respect to 
the three limb leads, essentially as a homogeneous volume conductor. Accord- 
ingly, there are differences of opinion on the best location for the remote elec- 
trode. The problem of the best location for the remote electrode needs further 
study and must be resolved before any single standard procedure for the rou- 
tine use of preeordial leads in clinical electrocardiography can be agreed upon. 
However, we have long felt®® that the advantages of multiple over single pre-- 
cordial leads remain essentially valid, in most circumstances at least, for any 
of the currently recognized locations of the remote electrode. We feel 
very strongly, therefore, that it is the intrinsic superiority of multiple over 
single preeordial leads that should be given special emphasis and wider atten- 
tion, entirely apart from the uncertainties of the proper location for the re- 
mote electrode. 

The study herein presented was planned to provide additional data re- 
garding the practical advantages of employing multiple rather than single 
preeordial leads, in conjunction with the three limb leads, in routine electro- 
cardiographic diagnosis. For the purposes of this study, the IVF type of 
single preeordial lead was employed because of its widespread popularity. 
The CR type of multiple preeordial lead was used for comparison. A critical 
comparison of the CR, CL, CP, and V types of multiple preeordial leads was 
not attempted and is not herein implied, since our particular interest was to 
provide a practical evaluation of multiple versus single preeordial leads. 

The present report deals, therefore, with the study of a large number of 
test subjects, some Anth and some Avithout heart disease. On each subject, in 
correlation AV'ith the clinical findings, the electrocardiographic information 
furnished by Leads I, II, III, and IVF Avas compared Avith the infoi’mation 
supplied by the three limb leads in conjunction Avith CR leads from the six 
recognized preeordial positions.® From summaries and further analyses of 
these data, an effort aa’us made to deriA'e a statistical and inferential eA’alua- 
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these 156 cardiac patients who showed abnormalities of one sort or another, 
when a particular lead or combination of leads was included for the analysis, 
' is given in Table 11. Fourteen (9 per cent) of these 156 patients showed elec- 
trocardiographic findings which were of entirely normal character for all leads 
of the ten-lead record. One hundred forty-two (91 per cent) of these cardiac 
patients were found to show definite abnormalities in one or more leads of 
this ten-lead record. In seven (4.5 per cent) of the 156 patients, the only 
electrocardiographic abnormality in any of the ten leads was an inversion of 
the T waves in Lead WF. Analysis of the nine-lead record consisting of Leads 
I, n, m, and CRi to CRc, inclusive, and of the six-lead record consisting of 
precordial leads CRi to CRc, inclusive, revealed that both of these combina- 
tions showed electrocardiographic ahnormalities in 135 (86.5 per cent) of the 
156 eases. Likewise, the combination of Leads I, II, III, CRi, CR3, and CR5, 
inclusive, showed abnormality in one or more leads for 135 (86.5 per cent) 
of these cardiac patients. The three limb leads were found to be abnormal 
for 119 (76.3 per cent) of the 156 patients with heart disease, whereas the 
four-lead record consisting of Leads I, II, III, and IVF showed abnormalities 
for 126 (80.7 per cent) of these eases. This last figure includes the seven cases 
in which inverted T waves in Lead IVF w^ere the only abnormality observed in 
the ten-lead record- The numbers and percentages of these cardiac patients 
showing electrocardiographic abnormalities in leads from the individual pre- 
cordial positions varied ividely. Lead IVF was found to be abnormal for 91 
(58.3 per cent) of the 156 cases, including the seven patients whose records 
showed T'Wave negativity in Lead IVF as the only abnormality; whereas Lead 
CRs showed abnormality for 117 (75 per cent) and Lead CR,- showed abnor- 
mality for 112 (71.8 per cent) of the cardiac patients. For each of the other 
CR leads, the number of patients sho^ving electrocardiographic abnormality 
varied between 38 cases (24.3 per cent) for CRi, to 66 cases (42.3 per cent) 
for CR, (Table 11). 

Table II. Summary of the Numbers and Percentages of the 15G Patients With 
Clinical Evidences of Heart Disease Who Showed Electrocardiographic 
Abnormalities When Particular Leads or Combinations of 
Leads Were Utilized for Analysis 


combination of leads or individual 

LEADS ANALYZED 

NUMBER OF PATIENTS 
SHOWING abnormality 
IN ONE OR MORE OF 
SUCH LEADS 

PERCENTAGE OF 
TOTAL 156 
PATIENTS 

Leads I, JI, III, rVT, CE, to CR, 

142 

91.0 

Leads, I, H, IH, CB, to CE, 

135 

86.5 

Leads CR, to CE, 

135 

86.5 

Leads I, H, HI, CR,, CRj, CEj 

135 

86.5 

Leads I, II, HI 

119 

76.2 

' Leads I,'H, HI, IVF 

126 

80.7 

Lead CB, 

38 

24.3 

Lead CR. 

48 

' 30.8 

Lead CR, 

53 

35.2 

LeadCB, 

56 

42.3 

Lead IVF 

91 

58.3 

Lead CRj 

117 

75.0 

Lead CRc 

112 

71.8 
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T -waves Avo-e diphasic, isoelectric, or inverted in Lead I or II ; or -when any 
eomliination of these findings was observed. Deviations of similar character 
in Lead III were regarded as abnormal only when significant associated ebanges 
could be detected in Lead I or II. The three limb leads were not regarded 
as abnormal when a benign arrhythmia (such as an occasional ectopic com- 
plex), or slight slurring of the QRS complexes, or slight to moderate axis 
deviation was the only feature observed.^^ Lead. IVP and the six CR leads 
were interpreted as showing abnormality when significant anhythmias were 
noted, or when the contours of the QRS complexes, the S-T segments, or the 
T -waves in any one of these preeordial leads, or the sequences of such contours 
in Leads CRj to CR,j, inclusive, deviated significantly from the normal forms 
as reported by Deeds and Barnes.-^ In judging Avhether definitive diagnostic 
])atterns were shoAvn by, or superior information could be derived from, dif- 
ferent combinations of the preeordial and limb -leads, criteria for interpreta- 
tion as set forth by 'Wilson et al..’--’" 'Wood and Relzer,^® Ashman and IIull,^'' 
Pardee.-® and Katz-® were used. 

In the gi-oup of 68 test subjects with no clinical evidences of heart disease 
and the group of 156 test subjects with definite clinical evidences of eai’diac 
abnormality, the number and percentages who showed electrocardiographic 
normality or abnormality in particular leads or combinations of leads were 
computed. In each case the record combining Treads I, II, HI, and IVF was 
compared Avith the record which included the three limb leads and iwecordial 
leads CR, to C-R,,. inclusive, in order to see which of these two combinations 
of leads revealed moi-e definitive diagnostic patterns or supplied superior elec- 
trocardiographic information. Stat i.stical summaries of these data were then 
attempted and were made when the eompari.sons appeared valid. 


RESUET.S 

lAir the 68 subjects who wore used as normal controls, the electrocardio- 
graphic findings in all leads of the ten-lead record Avere used in every case 
for this .study. Xo comparative' statistical summary concerning the demon- 
stration of definitive diagnostic ])atterns by different combinations of the .avail- 
able leads could be derived from the records on these 68 control subjects, since 
in each case any combination of leads produced the definitiA’^e pattern of nor- 
mality, in accordance Avith the eriteiaa Avhieh avc applied. IIoAvcA'-er, the find- 
ings of normal contours and sequences of contours in the OR leads from the 
six preeordial positions yielded a more complete definitive pattern of normal 
preeordial potentials foi" each case than did the contours in the single Lead 
I\F. ConseqiAently. for these 68 control subjects, the indiAndual records con- 
sisting of the three limb leads in conjunction Avith the six OR leads did pro- 
vide, inferentially at least, information on Avhieh to base the interpret.ation of 
electrocardiographic normality, Avhich Avas superior to that given by the indi- 
A'idual records A\hich combined Leads 1, 11, 111, and WF. 

I' or the 156 patients Avith definite clinical evidence of cardiac disease, the 
electrocardiographic findings yielded .significant data Avhen the ten-lead record 
of each case Avas analyzed. A summaiw of the numbers and percentages of 
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useful for revealing abnormalities affecting preponderantlj’ the right auricle 
or fight ventricle, that the CRj and the CRs leads -were particularly useful for 
revealing abnormalities affecting preponderantly the anterolateral aspects of 
the left ventricle, and that the CR, and the GR^ leads ivere necessary to com- 
])lete the definition of the preeordial electrical field. More specifically, in one 
instance of syphilitic heart disease. Leads CR, and CRo were of value in dc- 
tectmg a cardiac arrhythmia of auricular origin (two-to-one auriculoventricu- 
lar block), where, because of the blending of P and T waves, the presence of 
such an arrhythmia was not shown by the three limb leads, by Lead IVP, or 
by the other CR leads. In two patients vdth clinical evidences of long-standing 
mitral stenosis, in one instance of chronic cor pulmonale due to extensive 
pulmonary fibrosis, and in one ease of intcrauricular septal defect, the CRj 
and CR, leads yielded evidence indicating right ventricular hypertrophy, and 
in two patients with coronary arteriosclerosis the presence of right bundle 
branch block was detected, when in each of these cases the findings noted in 
Leads T, II. Ill, and ITF were not regarded as definitely abnormal. Leads 
GR^ and CR^ in one instance revealed the presence of an acute anteroseptal 
myocurdial infarction, the electrocardiographic diagnosis of which would have 
been missed had the tracing included only Leads I. II. Ill, and IVF. or, for 
that matter, the other CR leads. In eight additional cases, with hypertensive 
or arteriosclerotic heart disease, Leads CR-. and CRr. revealed electrocardio- 
graphic evidences of left ventricular hyiiertrophy, or of nonspecific myocardial 
abnormality (inverted T waves), which were not detected by Leads I, TI, III. 
and IVP, Thus, for 16 (10 per cent) of the 156 patients with heart disease, 
the combination of Leads I. II, III, and IVP had to be interpreted in each as 
being within normal limits, whereas, from one or another of the multiple CR 
leads, the electrocardiographic findings permitted either a nonspecific or a 
definitive diagnosis of abnormality. Moreover, in four subjects with hyper- 
tensive heart disease, in 12 with acute myocardial infarction, in nine with 
arteriosclerotic heart disease, and in one case of patent ductus arteriosus, the 
electrocardiographic findings in Leads I, II, III, and IVP were abnormal but 
could not be considered clear-cut or specific; evidence of right or left ven- 
tricular hypertrophy, right or left bundle branch block, or the presence and 
extent of an acute anterior, anterolateral, or posterolateral myocardial in- 
farction, were revealed only by the six CR leads. Thus, for an additional 26 
(17 per cent) of the 156 patients with heart disease, compared to the findings 
shown by the three limb leads or by Lead IVP, the multiple CR leads gave 
superior information which permitted a more definitive electrocardiographic 
diagnosis to be made. It should be added that even for the 93 (60 per cent) 
of the 156 eases with heart disease wherein the three limb leads were regarded 
by us as being adequate to yield all the truly essential interpretative infor- 
mation that could be derived even from the ten-lead record, the six CR leads 
were in most instances definitely useful for corroborating and clarifying the 
character and extent of the electrocardiographic abnormality. 
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Our effort to determine, from the individual electrocardiograms on tlie 
156 cardiac patients, tlie number of eases shovdng definitive diagnostic pat- 
terns by the different combinations of leads failed to yield a summary which 
we were -willing to accept as valid in its implications. This failure resulted 
because in some of the eases difficulties were encountered in deciding or agree- 
ing on whether the particular patterns sIioavti by different combinations of the 
available leads could be considered definitive. For this same reason, there 
was disagreement about the number of eases in which the diagnosis indicated 
by a particular combination of leads could be made no more specific than 
“abnormal form of ventricular complex indicating myocardial damage.” In 
this attempted analysis, however, it became impressively evident that the three 
limb leads constituted for practical purposes the indispensable basis for elec- 
trocardiographic diagnosis, and that the six CR leads, as well as the single 
Lead IVF, served largely to correct, modify, or enhance the diagnostic impres- 
sions derived from the three limb leads alone. The three limb leads were found 
to be definitely superior to the CR or IVF leads for indicating specifically the 
presence of a posterior or basal myocardial infarction. 

When the indi-vidual electrocardiograms on the 156 cardiac patients were 
analyzed to determine the relative superiority of different combinations of the 
available leads for supplying practical electrocardiographic information, an 
apparently valid summary was derived by employing the three limb leads as 
the basic electrocardiogram and by determining the number of cases wherein 
added useful information was afforded by Lead IVF oh the one hand, or by 
the six CR leads on the other. Of the 37 eases in which Leads I, II, and III 
were normal, in 14 cases Lead IVF and the six CR leads were likewise normal ; 
in 7 additional eases Lead IVF showed inverted T waves as the only abnor- 
mality in the ten-lead records; whereas the six CR leads showed the only 
abnormalities and definitive diagnostic information in 16 cases. Of the 119 
cases in wliieh Leads I, II, and III were abnormal, in 93 cases the three limb 
leads yielded all the truly essential infonnalion that could be derived from 
the ten-lead record on each case ; for none did Lead IVF yield any useful added 
information, whereas for 26 eases the six CR leads gave additional information. 
Therefore, of the total of 156 cases with clinical evidences of cardiac abnor- 
mality, all leads of the available ten-lead records were found to be normal 
in 14 cases (9 per cent), despite the definite evidences of cardiac abnormality 
indicated by the clinical examinations; in 93 cases (59.6 per cent) the three 
limb leads proved adequate to supply all the truly essential interiiretative 
information that could be derived from the ten-lead records; in seven cases 
(4.5 per cent) Lead IVF alone of the available leads gave information indi- 
cating electrocardiographic abnormality; and in 42 cases (26.9 per cent) the 
six CR leads gave infoi’mation regarding abnormalities and definitive diagnosis 
over and beyond that supplied by Leads I, II, III, and RTl’. 

With regard to the type of electrocardiographic information furnished by 
the different CR leads in the individual cases with clinical evidences of heart 
disease, we found in general that the CR^ and CR, leads were pai-ticularly 
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It might be inferred as well, though with some reservation, that in the cases 
without clinical evidence of cardiac abnormality the three limb leads were 
'adequate to indicate electrocardiographic normality. These results, therefore, 
tend to explain the great reluctance of many cardiologists to add any material 
number of additional leads to the traditional limb leads record and strongly 
support the view that the three limb leads must remain the basic and indis- 
pensable leads foT" practical clinical electrocardiography at the present time. 
On the other hand, in this study the six precordial leads added appreciable 
electrocardiographic information. In 27 per cent of the patients %vith clinical 
evidences of heart disease, the six OR leads gave additional information of 
value regarding abnormalities, and/or definitive diagnosis over and beyond 
that supplied by Leads I, II, HI, and i Vh'. In the individuals without clinical 
evidences of cardiac abnormality, moreoA'er, the multiple CR leads lent added 
assurance to the diagnosis of electrocardiographic normality, and it was felt 
in the majority of these eases that the relathm size and position of the heart in 
the chest could be more accurately inferred from the six CR leads. 

In our material, however, it Avas observed that the single precordial Lead 
IVP, despite its current Avidespread popularity, added relath’-ely little infor- 
mation to that indicated or suggested by the three limb leads alone. Although 
in seven of the 156 patients A\ith heart disease T-Avave negativity in Lead WF 
was the only observed abnormality in the ten-lead record, this abnormality 
obAdously resulted from a difference in the character of the electrical poten- 
tials occurring at the left leg and at the right arm, since all the CR leads Avere 
normal in these seven eases. Therefore, the exact significance of this finding, 
in terms of its detecting intrinsic cardiac abnormality rather than the effects 
of cardiac position,^" or of its indicating the superiority of CF- OA’^er the CR- 
type of precordial leads, is uncertain and remains for other studies to de- 
termine. Additional objections to Lead iVF as the only precordial lead Avere 
also noted in this study. One of the most potent is the difficulty of placing 
the precordial electrode just beyond the region of the true cardiac apex in 
certain patients, especially those AAuth enlarged left A'entricles. Improper plac- 
ing of this electrode may actually vitiate AA’^hatever value a single precordial 
lead has for eleetrocardiograpliic diagnosis. MoreoA'er, our obseiwations in 
this study suggest that, particularly where left ventricular hypertrophy is 
present, the field of electrical potential preponderantly refiecting left ventric- 
ular actiAuty may in some instances be located farther to the left than the 
anatomic apical area. 

In this study the electrocardiographic record combining the three limb 
leads Avith precordial leads GRi, CR^s, and CRr, revealed abnormalities in the 
same number of patients AAUth heart disease as did the record combining the 
three limb leads AAUth precordial leads CRj to CRc, inclusive. The former 
combmation did not reveal Avith the same certainty the character of the pre- 
cordial electrical field, and in a fair number of instances Avould have resulted 
in an incorrect or less definitive interpretation than the latter. Objective 
eA’idence to support this AueAv AAms not deriA’ed because Ave AA'ere unw illi ng to 
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In the 156 cases with cardiac disease, 98 of the individual patients showed 
clinical evidences of rather severe congestive heart failure, and moderate or 
marked enlargement of the left ventricle was shown by the physical examina- 
tion or by x-ray films or fluoroscopy. In more than one-third of these 98 
eases, the electrocardiographic contours noted in Lead LVTT suggested that 
this lead was not, in fact, directly reflecting the fleld of electrical activity 
resulting from the left ventricle. This seemed evident in some of these latter 
cases even though Lead IVF had been taken with the exploring electrode 
carefully located at the precordial point immediately lateral to the region of 
the cardiac apex. In all such instances. Leads CII 5 or CRo, taken with refer- 
ence to fixed anatomic locations on the chest, were found definitely superior 
to Lead IVF, because, by more clearly reflecting the field of electrical activity 
resulting from the enlarged left ventricle, they made possible a more accurate 
orientation and interpretation. Indeed, in this study the relatively poor show- 
ing obtained with Lead LVF seemed to result largely from the inherent diffi- 
culty of applying the precordial electrode at the true cardiac apex; even in 
instances where the three limb leads indicated quite clearly the presence of 
left ventricular hypertrophy, the contours noted for Lead IVF were often not . 
abnormal. On the other hand Lead IVF did often show evidences of myo- 
cardial abnormality, or definitive diagnostic patterns of abnormality. How- 
ever, the results obtained with Lead IVF in this study were relatively poor 
statistically because this lead often did not reveal evidences of abnormality 
affecting the right or left ventricle when either the three limb leads or the 
multiple CR leads, or both, showed such abnormality quite clearly. 

In comparing the findings noted for the combination of Leads CRj, CR3, 
and CR 5 with the information furnished by the combination of Leads CRi to 
CR,., inclusive, we found that each of these combinations showed electrocardio- 
graphic abnormalities in the same number of patients with heart disease (see 
Table II). On the other hand, for the entire group of cases wth heart disease, 
it was not possible to select any combination of three CR leads which would 
permit as reliable and definitive an evaluation of the preeordial potential vari- 
ations as was derived from the use of all six CR leads. This is readily under- 
standable when one considers the variability of the size and position of the 
heart in the chest, as well a.s the variability in the type of electrocardiographic 
contours noted from the different precordial positions. 

DISCUSSION 

The results of this study are in keeping with the previously reported find- 
ings of other.s’‘'-^= and lend support to the indications for the use of precordial 
leads. Li addition, they provide, at least in part, a statistical comparison of 
the infomation derived from the three limb leads alone, and from the three 
limb leads in conjunction with single or multiple precordial leads. It should 
be emphasized that for 60 per cent of the cases with cardiac disease the three 
limb leads proved adequate to supply all the truly essential interpretative 
information that conld be derived from the ten-lead records herein employed. 
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5. For the 156 eases 'with clinical evidences of cardiac abnormality, the 
six CR leads in conjunction mth the. three limb leads were found definitely 
superior to Leads I, IE, ni, and IVF for providing information both as to 
abnormality and tjqie of abnormality present. Statistical data to support this 
view are given. 

. 6. It is concluded that precordial leads should be employed in combina- 

tion with the three limb leads for practical clinical purposes, and that the most 
reliable and complete electrocardiographic information is afforded when leads 
from the six precordial positions are routinely used for this purpose. 
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compare statistically merely suggestive Avith more clear-cut electTocardiographic 
findings. On the other hand, the combination of precordial leads CRi to CRg, 
inclusive (wthout limb leads), also revealed abnormalities in the shme 
number of cases Avith heart disease as Avere revealed by the combination of 
the three limb leads Avith the six CR leads ; but, in the entire group of cases 
Avith heart disease, the former combination certainly did not yield the same 
amount of definitive diagnostic information as did the latter. Because of the 
variability of the findings indicated by the indiAudual CR leads for the entire 
group of cases, Ave believe that it is impossible to employ Avith any reasonable 
success less than the six recognized pi’ecordial leads since that Avould require 
an anticipatory knoAvledge of the probable location and type of the abnor- 
mality to be found. Moreover, in this study Ave obsei’Amd that any attempt to 
reduce the number of precordial leads, CA'cn to as fcAv as t^iree, often resulted 
in loss of the fundamental adAmntage in the use of precordial leads Avhich is 
derived from the exploration of the entire precordium. 

The objection has been raised that, in comparison Avith the additional 
information deriAmd, the use of six rather than a single precordial lead in 
conjunction AAdth the three limb leads, entails for practical clinical purposes 
too much additional effort in recording and interpreting the resulting electro- 
cardiogram. Pi'om our results in the present study, Ave are not in sympathy 
AAuth such objections. Rather, Ave belieAm that precordial leads have definite 
practical value for clinical use, that a single precordial lead is Avoefully in- 
adequate for proper orientation and intei’pretation of precordial electrical 
potentials, and that Avhenever complete electrocardiographic information is 
desired, one cannot in the present state of knowdedge afford to do less than 
combine the three limb leads Avith a record Avhich explores the entire precor- 
dium, using leads from the six recognized precordial positions. 

SUM5IARY AND CONCLUSION 

1. Clinical and electrocardiographic examinations Avere made on 224 indi- 
viduals. Judged by the clinical findings, sixty-eight Avere found to be free of 
heart disease and 156 had definite evidences of cardiac abnormality. 

2. On each test subject, electrocardiograms Avere utilized Avhich included 
Leads I, n, III, and WP and CR leads from the six recognized precordial 
positions and Avliich Avere analyzed statistically and inferentially to determine 
the comparative value of multiple Amrsus single precordial leads for use in con- 
junction Avith the three limb leads for practical clinical electrocardiography. 

3. For the entire 224 cases, the three limb leads Avere found essential as 
the basic leads for the electrocardiographic study, and Avere found to be of 
fundamental Amlue in the electrocardiographie interpretations. 

4. For the 68 subjects Avith normal hearts, the individual records consist- 
ing of the 'three limb leads in conjunction Avith the six CR leads provided 
information on Avhich to base the interpretation of electrocardiographie nor- 
mality AA’hich Avas superior to that proA'ided by the individual records Avhich 
combined Loads T, II, III, and RTf. 
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ABN0RJ\IAL BLECTR0CARDI0GRA3M FOLLOWING RECOVERY PROM 

PAROXYSMAL TACHYCARDIA 

Lawrence S. Ward, M.D. 

New London, Conn. 

T he case described below presents an interesting and rather mmsnal electro- 
cardiogram following recovery from paroxysms of tachycardia. This con- 
sists of the spreading out of the T waves to produce a prolonged Q-T interval, 
associated with inversion of the T waves and depression of the corresponding 
S-T segments. Similar cases have been described in the literature, but they seem 
to be quite rare. 

Graybiel and White^ reported a case of ventricular tachycardia in 1934 
in which the electrocardiogram taken after recovery showed inversion of the 
T wave in Leads II and III. There was a gradual return to normal within a 
few months. They found no similar electrocardiogram in their records. This 
patient had no apparent organic heart disease. While the Q-T interval was not 
mentioned specifically, the tracings sliow it to be about 0.46 second. Six weeks 
later the interval had been reduced to 0.40 second. (This figure is not entirely 
accurate since the 0.04 second marker line does not appear on the record.) 

Schulten^ reported one case in which the electrocardiogram after recovery 
from ventricular tachycardia showed a prolonged Q-T interval, vuth inversion 
of the T waves in all leads. During the following four weeks, first Lead I, then, 
successively. Leads II and III of the electrocardiogram gradually returned to 
normal. 

Cossio and his co-workers^ reported four cases. Three of these cases showed 
depressed S-T segments and negative T wavas in Leads II and III; the other 
showed negative T waves in Leads I and II. At autopsy one case showed 
cardiac dilatation, but there was no involvement of the coronary vascular sys- 
tem and no focal necrobiosis. The changes were believed to be due to enlarge- 
ment of the heart or right ventricular strain and not to the presence of a real 
coronaiy insufficiency. CampbelP agrees that such electrocardiographic changes 
do not indicate organic disease but are a completelj’- reversible process indicat- 
ing some degree of exliaustion or strain of the heart muscle. 

Geiger'^ recently reported a case in wliieh this tjqie of electrocardiogram 
was encountered after recovery from supraventricular tachycardia. The pa- 
tient had had two attacks ten years apart. No clinical evidence of heart disease 
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Tracing taken on first admission, July 3, 1942, shows paroxysmal tachy- 
cardia. The chest lead Is missing. B, Tracing taken after restoration of sinus rhythm Juiv 
1942, showing peculiar T waves and prolonged Q-T interval. <7, Tracing taken July 8 
1942, showing normal Q-T interval; T waves are still Inverted. 
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could be demonstrated after recovery, and the author Avarns of the danger of in- 
terpreting the changes in the electrocardiogram seen after recovery as being due 
to coronary thrombosis. 

CASE REPORT 

First Admission. — A 19-year-old white youth was admitted to the hospital on July 3, 
1942, because of palpitation of the heart. The attack had started suddenly, without apparent 
cause. 

He gave a history of similar attacks in the past, the first having occurred at the age of 
12 years. This attack subsided spontaneous^ after a few hours. Two years later, during 
a basketball game, he had another attack. During the next five years he had frequent attacks, 
usually following exertion, but sometimes occurring without apparent cause. There was no 
history of previous illness nor of any rheumatic manifestations. Except for these attacks, 
he had been in good health and was a normal vigorous boy. He smoked about three package.s 
of cigarettes daily. 

On examination the patient did not seem acutely ill. The respirations were 28 per 
minute but not labored. There was no cyanosis. The arteries of the^neck were seen to be 
pulsating rapidly, and the veins appeared slightly full. The apical impulse of the heart was 
visible in the sixth intercostal space, 1 cm. outside the midclaAucular line. There was no 
palpable thrill, nor was there an audible murmur. The heart sounds were very rapid and 
had a “tic-tac” quality. The heart rate was about 200 per minute. The lungs were entirely 
clear. The liver extended 2 fingerbreadths below' the right costal margin and was not tender. 
There was no edema. The temperature was normal. Urinalysis showed 1 plus albumin. 

An electrocardiogram taken on admission showed paroxysmal tachycardia,* with a ven- 
tricular rate of 210 per minute (Pig. h A). One hour after the administration of 6 grains of 
quinidine sulfate by mouth, the heart rate had decreased to 120. Due to an error, 30 addi- 
tional grains of quinidine sulfate were given in the next six hours. An electrocardiogram 
taken at this time (Pig. 1, B) showed regular sinus rhj’thm with very peculiar T waves. Be- 
sides being inverted in Leads II and III, they were spread out so that the Q-T interval was 
0.48 second, as compared with the commonly accepted normal maximum of 0.39 second. 
There was also slight depression of the S-T segments in these leads, and the P waves were 
very prominent. 

Examination of the heart after sinus rhythm had been restored showed the apex beat 
outside the mid-clavicular line. A harsh systolic murmur, loudest in the fourth intercostal 
space to the left of the sternum, was heard over the entire precordium. 

Because he felt well, the patient insisted on leaving the hospital. Pour days later he 
returned for another electrocardiogram (Pig. 1, C). There was still inversion of the T 
waves and depression of the S-T segments in Leads II and III, but the Q-T interval had 
decreased to 0.36 second, which is well within normal limits. In the chest lead the T wave 
had become inverted and the inversion of the P wave had disappeared. In Leads II and III 
the P wave was still prominenL 

Second Admission . — ^Before a fourth electrocardiogram could bo taken, the patient 
developed another paroxysm of tachycardia. This attack had started during a wrestling bout. 
The physical findings were the same as on his original admission. The blood pressure was 
90/70, and the pulse rate w'as about 200 per minute. The electrocardiogram taken on re- 
admission (Pig. 2, A) again showed paroxysmal tachycardia. The urinalysis and blood count 
were normal. The mouth temperature was 99.6° P, Six grains of quinidine sulfate were 
given. Two hours later the patient began to sweat, and he v’omited several times. BHs blood 
pressure was 80/60. Four hours after the medication the cardiac rhythm became normal 
and he was placed on a maintenance dose of 3 grains of quinidine sulfate three times a 

♦AlUiough the tachycardia appears to be ventricular in origin, this cannot be positively 
established. Since the type of tachycardia has no bearing on the findings that are being 
emphasized, no further attempt will be made to Identify the origin of the tachycardia. 
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DISCUSSION 

The two interesting changes in the electrocardiogram after recovery from 
tachycardia are a prolonged Q-T interval and an inversion of the T waves. In 
some reported eases the T waves in ail the limb leads were inverted ; in others 
only the T waves of Leads I and II or II and III were inverted. The present 
case falls into the latter category. 

White and Mudd® established a noimal range for electrical sj’slole as de- 
termined by the Q-T interval. They foimd that this interval depends on the 
heart rate and is more prolonged at lower rates. For instance, at a heart rate 
of 160, the Q-T interval varied between 0.21 and 0.24 second; while at a heart 
rate of 60, the variation was from 0.26 to 0.44 second. These are extreme ranges 
and most of the eases fell near the mid-point, averaging about 0.34 second with 
slow rates. They also found prolongation of the Q-T interval in association 
with such electrocardiograpliic abnormalities as bundle branch block, paroxysmal 
tachycardia of both the auricular and the ventricular type, and ventricular pre- 
mature contractions. Among the extracardiac factors which maj’’ lengthen 
electrical systole are hj^ocalcemia®’ ^ and hjT)opotassemia.® 

Inverted T waves are seen in many conditions; no attempt will be made 
to enumerate them all. A common condition associated with T-wave inversion 
is myocardial infarction, and this may confuse the physician when confronted 
by a patient who develops a sudden ectopic rhythm, usually associated with 
precordial distress and dyspnea. I believe that the electrocardiogram of recov- 
ery from tachycardia is not typical of the electrocardiogram of myocardial in- 
farction, and if the characteristics are kept in mind, confusion %vill be avoided. 
It is unfortunate that more prolonged follow-up in this case was not possible. It 
would have been interesting to see whether or not the T-Avave inversions re- 
verted to normal as they have done in other reported cases. It must be remem- 
bered, however, that in many of these cases the patients had normal hearts, while 
the patient here reported probably had a congenital patent interventricular 
septum, and it is possible that Leads II and III of his normal electrocardiogram 
would shoAV inverted T waves indicative of right ventricular enlargement, even 
though there was no right axis deviation. 

SUMMARY 

A ease shoAring an abnormal electrocardiogram folloAving recovery from 
paroxysmal tachj^cardia is reported. The abnormalities consist of a prolongation 
of the Q-T interval and inversion of some or all of the T Avaves, Avith depression 
of the associated S-T segments. It should be recognized that such changes can 
be the result of paroxysmal tachycardia and are not necessarily an indication of 
the presence of serious organic disease. A brief revioAv of the releA\ant literature 
is included. 
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day. A tracing made the following day (Pig. 2, B) was similar to the one taken after cessa- 
tion of tachycardia on his first admission." (A technical error produced an inverted Lead 
Rrp’.) The Q-T interval was again 0.48 second, as it- was in Pig. 1, B. A teleroentgenogram 
showed moderate enlargement of the heart, especially pronounced in the apical region. 

Again the patient insisted on leaving the hospital. He was ad^dsed to remain under 
medical supervision. 



Flf-, 2 . — A. Tracingr taken on second admission, July 12, 1942, identical with Figr. 1, A. B, 
Tracing taken July 13, 1942, after restoration of sinus rhythm, identical with tracing 1, Ji- 

Third Admission . — He was readmitted on Aug. 3, 1942, with another paroxysm of 
tachycardia which had begun while he was at rest. Eighteen grains of quinidine sulfate 
administered witliin a period of eight hours restored the cardiac rhythm to normal. He had not 
been under a doctor’s care nor had he taken any medicine since his last dismissal. He 
insisted on leaving the hospital before any observations could be made, and shortly there- 
after he left the city. 


SUBACUTE BACTERIAL ENDOCARDITIS SUCCESSFULLY 
TREATED WITH PENICILLIN 

Report or a Case 

WiLLYS M, Mokroe, M.D." 

Lewisburg, Pa. 

F H. J., a 31-year-old white man, was incarcerated in the United States Northeastern 
• Penitentiary, Lewisburg, Pa., on Oct. 4, 1944. He was assigned to the work of 
handling steel on the night shift of prison industries. He worhed steadily at this job for 
slightly more than three months. On the evening of Jan. 13, 1945, he reported to the 
prison hospital, complaining of shortness of breath and palpitation of three days’ duration. 
He stated that he had ^‘low blood pressure” and that six months previously an Army 
induction board had classified him 4P because of this condition. Further questioning re- 
vealed that he had had acute rheumatic fever at the age of 11 and again at the age of 
16 years. At the age of 27 years a fainting spell led to several weeks’ hospitalization. 
He was told by his attending ph 5 ’'sician at that time that he had suffered a heart attack. 

The patient was therefore admitted to the prison hospital for study. Upon admission 
he appeared well developed and well nourished and was in no acute distress. His weight 
was 182 pounds. He was ambulatory and well oriented. The temperature was 98“ F., the 
pulse was 100, and the respirations were 20 per minute. The blood pressure was 134/50. 
The skin was sallow.- There was no lymphadenopathy. The eyes showed an old chorioiditis. 
There was extensive gingivitis and dental caries. Examination of the heart revealed a 
forceful apex thrust in the fifth intercostal space 12 cm. to the left of the midline; there 
were no palpable thrills; the rate was 100, with a regular rhythm. The apical first sound 
was accentuated and roughened, followed immediately by a short high-pitched systolic mur- 
mur. The aortic second sound -was muffled and partially obscured by a to-and-fro systolic 
■and diastolic murmur which was transmitted into the neck vessels. There was no ankle 
edema, no hepatic engorgement, no distention of the jugular veins, and no rales in the lung 
bases. Duroziez’s sign was equivocal. An electrocardiogram showed widening of the QES 
, in' all leads, inverted P,, deep Q,, inverted T, and T., elevated ES-T^, depressed ES-T^, and 
left axis deviation. A teleroentgenogram of the chest sho-wcd the heart to be at the upper 
limit of normal size, 'with slight prominence of the left ventricle. 

The patient was observed for two weeks. During this time ho was ambulatory, slept 
without difficulty on one pillow, remained entirely afebrile, and had no complaints. On 
Jan. 31, 1945, wfflen arrangements -with the prison administration for sedentary occupation 
had been completed, he was discharged. The diagnosis on discharge was inactive rheu- 
matic heart disease ■with aortic stenosis and insufficiency and possible early mitral insufficiency. 

Nine days later, the patient again reported to the hospital complaining of a cold and 
sore throat which had been present for the previous forty-eight hours. Fever and pains 
in the hips, knees, ankles, and wrists had existed for twenty-four hours. Examination 
revealed; temperature, 100; pulse rate, 100; respiration, 24; blood pressure, 134/50. The 
skin was warm and flushed, but there were no petechiac. The cervical lymph nodes were 
shotty and tender. The pharyngeal mucous membranes were injected. The left ankle and 
right hip were tender to touch but 'were not warm, reddened, or swollen. The cardiac find- 
ings were the same as had been noted previously. The blood count showed: .red blood 
cells, 5, 390,000; hemoglobin, 12.6 Gm.; white blood cells, 8.250; polys, 64 per cent, lymph- 
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siderably during and after treatment. It seems most likely that this represented a true 
Flint’s murmur, particularly since a very recent teleroentgenogram of the heart showed 
no change in size or shape of the. left auricle as compared with tlie previous picture that 
would indicate the development of mitral stenosis. The patient’s weight, which had fallen 
from 182 pounds on' admission to 157 pounds, was 190 pounds at last report. During 
therapy the only change in the" blood picture was a transient eosihophilia of 5 to 9 per cent. 
There was never any profound anemia, or leucocytosis. The urine showed no abnormalities 
at any time. The sedimentation rate remained between 31 and 38 mm. per hour during 
treatment but had fallen to 9 mm. per hour seven weeks later. 

Although at least six months must elapse before it can be stated with finality that 
this patient has been clinicallj’’. and bacteriologieally cured of his disease, his blood has 
been sterile for ten weeks; no treatment has been given for seven weeks. While the prog- 
nosis must still be guarded, the outlook for complete bacteriologic cure in this ease is good. 
•Despite our enthusiasm over a new and apparently eflicacious drug for a hitherto fatal 
disease, we must remember that this patient has recovered with further damage to an 
already deformed heart. This will not only limit his physical activity but also increase 
the likelihood of reinfection. 


ADDENDUM . 

At tKe time of liis discharge from prison, in March, 1946, the patient was 
still bacteriologieally negative. 
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ocytes, 21 per cent; monocytes, 13 per cent; eosinophiles, 2 per cent. The sedimentation 
rate (Wintrohe) was 31 mm. per hour. The urinalysis was negative. The patient was 
admitted to the hospital with a tentative diagnosis of an acute exacerbation of rheumatic 
fever. He was put to bed and given full doses of sodium salicylate, which relieved the 
joint .symptoms. After ten days of sj-mptomatic therapy, however, the fever still per- 
sisted, averaging 100.4° F. The pulse consistently remained over 100. A blood culture 
taken on the thirteenth hospital day, showed on the eighteenth day a pure culture of 
streptococcus viridans with eight colonies per cubic centimeter. A second culture, taken 
on the twentieth day, was again positive for streptococcus ■V’iridans. Three additional 
cultures taken prior to the administration of penicillin were also positive. 

On the twenty-fifth hospital day, cardiac changes were first evident; a diastolic thrill 
and a low-pitched rumbling diastolic murmur were detected at the apex; the apical systolic 
murmur had become longer; the blood pressure was 134/10. 

On the thirty-second hospital day the patient developed in his left conjunctiva his 
first and only petechia. The following day he suddenly developed severe precordial pain 
radiating to the left axilla; his left arm suddenly became numb and partially paralyzed. 
Use of the arm returned slowly over a ten-day period. 

Penicillin therapy was started on the thirty-sixth day. In vitro sensitivity'tests were 
made at the be^nning of penicillin therapy in the following manner: 

•A loopful of a forty-eight-hour broth culture of the patient’s blood was inoculated 
into each of several flasks of brain-heart infusion broth containing penicillin in concen- 
trations ranging from O.OOOo unit per cubic centimeter to 0.5 Oxford unit per cubic centimeter. 
After a seventy-two-hour incubation period it was found that there was complete inhibition 
of growth of the organisms in those flasks whose penicillin concentration was 0.05 .unit 
per cubic centimeter or greater, while growth was noted in all flasks whose penicillin con- 
centration was lower than 0.05 unit per cubic centimeter. 

During the first ninety-six hours, 770,000 units of penicillin were given by continuous 
intravenous drip. Each 100,000 units were dissolved in 1 L. of 5 per cent dextrose in dis- 
tilled water. Because of the severe local reaction, however, the penicillin was adminis- 
tered intramuscularly, 30,000 units being given every three hours for three days. The 
dosage was then lowered to 15,000 units every three hours and was maintained at this rate 
for three days but, because of a slight afternoon temperature rise with the'smaller dOse, 
was then raised to 20,000 units every three hours. This dosage was continued for eight 
days and then increased to 30,000 units every three hours for five and one-half days. 
Although 3,440,000 units were given intramuscularly, the patient tolerated the injections 
extremely well. A concentration of 10,000 units per cubic centimeter was employed. "When 
treatment was terminated, on the fifty-eighth day, a total of 4,210,000 units had been given 
continuously over a twentj'-three and one-half day period. 

After six days of treatment the teeth were x-rayed. An abscess was found at the 
root of the lower right first bicuspid. The tooth was extracted, but unfortunately no cul- 
ture was taken from the abscess. 

Blood cxiltures which, before treatment, had been persistently positive for Strepto- 
coccus viridans, became sterile twenty-four hours after the initiation of treatment. Cultures 
taken every seventy-two hours during the administration of penicillin and at weekly inter- 
vals since, have been sterile to date. Seven weeks have elapsed since treatment was 
discontinued. 

The temperature, which had averaged 100.4° F. prior to the initiation of penicillin 
therapy, fell rapidly to normal and remained normal except for afternoon rises of less than 
1° P. After nine days of therapy the patient became completely afebrile and has remained 
so. The puhse likewise slowed from between 100 and 110 to betw^een 80 and 90, and re- 
mained at this rate even when the patient became ambulatory. The diastolic blood pres- 
sure, which had fallen from its original level of 50 mm. to 10 mm., rose gradually and at 
the termination of therapy stood again at 50 millimeters. Likewise, the diastolic apical 
bruit rvhich developed during the first part of ho.xpitalization diminished in intensity con- 
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This treatment -vvas discovered by chance when a patient who liad Buerger’s disease was bitten 
and attended the local Institute daily for vaecino therapy. After several injections he noted 
that ire no longer had to ride but could easily walk to the Institute, a distance of 1 km., with- 
out pain. Repetition of the treatment in additional cases has given good results. The favor- 
able effect of the antirabies toxin is considered comparable with that of cobra toxin. 

Laplace. 

Blair, H. A., and Wedd, A. M.: The Action of Cardiac Ejection on Venous Return. Am. 

J. Physiol. 145: 528 (Feb.) 1946. 

The authors discuss their views regarding the 'mechanical relationships between cardiac 
ejection, lung air pressure, chest wall movements, and venous return. Observations on which 
their conclusions are based included synchronous recording of the electrocardiogram and 
volume curves of the neck, chest, and upper abdomen. It is .stated that the excess of arterial 
outflow over venous inflow to the chest during systole tends to create a partial vacuum of 
about 15 mm. Hg in the lungs, but collapse of the chest wall permits only about 0,5 mm. Hg 
of this pressure to be realized. This partial vacuum is not nearly so important in assisting 
venous return as the negative intrapleural pressure. Cardiac failure may be expected to in- 
' crease the promotion of venous return by causing the accumulation of blood in the lungs, which 
decreases lung volume and diminishes limg movement. In mitral stenosis, even in the absence 
of failure, the venous return to the chest frequently appears to exceed the arterial outflow 
during Systole. This is indicated by the finding that in these eases the chest may expand 
during systole rather than collapse. Laplace. 


Nahum, L. H., and Hoff, H. E.: The Configuration of Epicardial and Endocardial Extra- 
systoles in the Chest Leads. Am. J, Physiol. 145: 615 (Feb.), 1946, 

Exti asystoles were recorded from the epicardial and endocardial surfaces of the right 
and left ventricles of dogs. Four leads were recorded: transthoracic, IVF, IVR, and the 
central terminal lead of "Wilson. It was found that when the stimulating electrodes were 
aligned with the transthoracic leads or were immediately subjacent to the exploring electrode 
in the chest leads, there was no difference between epicardial and endocardial extrasystoles, 
the initial deflections of both shoudng a simple QS complex. When the stimulating electrodes 
were placed otherwise, the cxtrasystoles w’ere of differing pattern.^ according to their source. 

It is inferred that the electrocardiogram as recorded by limb and chest leads does not 
reveal the existence of currents associated with the conduction of excitation from the endo- 
cardium and epicardium. . L.aplace. 

Evans, "W. P., and Graybiel, A.: Electrographic Evidence of Cardiac Complications in 
Infectious Mononucleosis. Am. J. M. Sc. 211: 220, 1946. 

The authors studied 100 patients with infectious mononucleosis and concluded that four 
of the 100 patients had some tj'pe of cardiac complication associated with the disease. This 
opinion was based chiefly on the presence of electrocardiographic changes. The principal 
changes were progressive lowering of the height of the QRS complexes and the T waves. In 
two of the four patients the T waves became actually inverted. These changes gradually 
disappeared and the tracings ultimately became normal. In addition to the electrocardi- 
ographic evidence of cardiac involvement, there were some confirmatory clinical evidences in 
three patients, although the clinical signs were not striking. The heart rate wms slow in 
proportion to the temperature in all three patients. In one patient a pericardial friction 
mb was present and in another there was some cardiac enlargement. None of the patients 
had cardiac failure. The presence of a friction rub in one case, as well as the type and 
course of the electrocardiographic changes led the authors to suspect that the pericardium 
rather than the myocardium was the chief site of involvement, A fifth patient, w'ho had 
massive pericardial effusion for which no etiology other than infectious mononucleosis could 
be found, lent some support to this view. 


Abstracts and Reviews 


Selected Abstracts 


warren, J, V., Stead, E. A., Jr., and Brannon, E. S.: The Cardiac Output in Man: A 

Study of Some of the Errors in the Method of Bight Heart Catheterization, Am. J. 

Physiol. 145; 458 (Feb.) 1946. 

This paper is an appraisal of certain features of the catheter technique of cardiac 
output determination as based on the authors’ experience with the method in over 500 sub- 
jects. Variation between the oxygen content of paired consecutive samples of arterial 
blood did not exceed 0.4 volume per cent and in 77 per cent of the determinations was 0.2 
volume per cent or less. In 111 instances in which comparative determinations were made 
of blood from the right atrium, 78 per cent varied no more than 0.4 volume per cent, but the 
remainder varied as much as 2.3 volumes per cent. In 25 instances of similar determinations 
on ventricular blood, 80 per cent varied no more than 0.4 volume per cent, and the re- 
mainder varied as much as 1.8 volumes per cent. Comparison of the oxygen content of 
atrial and ventricular blood samples in 19 patients showed variation of 0.4 volume per 
cent or less in 11 patients, 1 volume per cent or less in 11 patients and 1.2 volumes per 
cent in two patients. Check of 42 duplicate samples of expired air was within 10 per cent 
in 31 instances and as much as 20 per cent in the remaining -11 instances. It appears 
possible that some of the variation between consecutive samples of ventricular blood arc 
due to changes in cardiac output rather than technical errors. The errors in the values for 
oxygen consumption seem partly tcclmical and partly real. It is concluded that the 
catheter method is more accurate in situations in which the arteriovenous oxygen differ- 
ence is great. The errors involved seem to be random rather tlian systematic. Eesults ob- 
tained Avith this method are more valid when groups rather than individuals are studied, as 
the inaccuracies in individual values for cardiac output are occasionally large. Laplace. 

Elbel, E. E., and Green, E. L.: Pulse Beaction to Performing Step-Up Exercise on Benches 

. of Different Heights. Am. J. Physiol. 145; 521 (Feb.) 1946. 

The present study was conducted to determine Avhether variation in the height of the 
bench or stool significantly affects the pulse reaction of normal subjects to the step-up exercise. 
The subjects were seventy-two healthy aviation students. Each subject was tested ten times, 
twice on each of five benches which were 12, 14, 16, 18, and 20 inches in height. Two periods 
of exercise ivero used for each bench, one for thirty seconds and one for sixty seconds. The 
exercise was performed at a rate of 24 steps per minute. 

The pulse rates for the thirty seconds immediately after exercise depended upon the 
height of the bench: and the duration of the exercise. After the thirty-second exercise, the 
average increment was 3.7 beats per minute greater for each additional 2-inch increase in 
height of the bench; after the sixty-second exercise, the average increment was 5.6 beats per 
minute. The pulse rates taken one minute after exercise were practically the same for the 
A-arious heights of the benches and durations of exercise. Laplace. 

Nini, Mehrcb, and Saadeh; Buerger’s Disease. Eev. med. franc;, du Moyen-Orient 3: 

391 (May) 1945. 

Four cases of Buerger’s disease are presented, together with a discussion of the 
symptomatology, diagnosis, and treatment. Therapy of one of the reported cases, Avhich 
appeared responsible for conspicuous clinical improvement, Avas the use of antirabies vaccine. 
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reported, in which a definite history of a virus infection in the mothers during pregnancy has 
been obtained. In all but two of tliese cases, the ofltending virus disease was rubella. In 
all but five cases, the rubella occurred before the third month of pregnancy. 

Of the 136 patients, 80 per cent had unilateral or bilateral cataracts; 62 per cent were 
mentally deficient; 57 per cent had heart disease, and 5i per cent had a combination of 
cataracts and heart disease. It is difficult to evaluate the significance of these reported cases 
because it is not l^no^vn how often malformations occur without being the result of virus 
infection. 

One hundred and twenty cases of congenital anomalies studied by the authors revealed 
five cases with a liistorj- of rubella occurring during pregnancy. This incidence of 4.2 per 
cent is ten times higher than that occurring in the population at large. The evidence sug- 
gests that a relationship exists between the maternal rubella and the development of con- 
genital anomalies. 

Also presented are three instances in which virus infection occurred in the ninth mouth 
of pregnancy and the children were normal. It is suggested that the virus infection must 
-occur during early pregnancy in order to produce a congenital anomaly. The authors quote 
Goodpasture, who suggested that young, relatively undifferentiated cells are more easily af- 
fected by the virus than mature cells. BELiiET. 

Ash, E.: Precordial Leads in Childhood; Comment on the Presence of Double tTpwaid 

Deflections in Leads Prom the Sternal Eegion of Normal Children. Am. J. Dis. 

Child. 70: 277 (Nov.-Dee.), 1945. 

This study analyzes single tracings obtained from 150 children whose electrocardiagraphic 
examination included precordial leads (CP, and CF^). The children ranged in age from 9 
days to 15 years, the average being 7.6 years and the age of greatest frequency being 8 years. 
The most striking variation from the electrocardiogram of an adult was in the T waves, 
which were usually inverted ui leads near the sternum, but w'ere also not infrequently in- 
verted in leads in the region of the apex. The frequency of inversion diminished with the 
increased ago of the child, depending on the age of the child and the position of the electrode 
on the chest wall. Negative, diphasic, or positive T waves may therefore be normal in child- 
hood. 

A P wave of amplitude greater than 2 mm. in Lead CP, or 1 mm. in CP^, whether up- 
right, diphasic, or inverted, or a duration greater than 0.08 second was considered abnormal. 

The presence of a Q wave in CP, was considered abnormal. In CP^ the presence of the 
Q wave less than 25 per cent of the amplitude of the E wave probably has no significance. An 
absent E wave or one smaller than 1 mm. in either lead was considered abnormal. 

Triphasic complexes (double upward deflection) and M-shaped QES complexes have 
been described as always abnormal in Leads CP. and CP<. Ash observed that in normal chil- 
dren, triphasic complexes may bo obseived in the region to the left of the sternum. Such 
complexes were considered abnormal in only six clxildren in whom the transient nature of the 
distortion seemed proved by the presence of diphasic complexes in subsequent tracings. In 
this group, four children suffered from rheumatic fever and two suffered from hemorrhagic 
nephritis. 

An S-T segment deviation greater than 2 mm. above or 1 mm. below the i.soelectric 
line was considered abnormal. 

A T wave greater than 8 mm. in amplitude in CP. or CP, or an inverted T wave greater 
than S mm. in Lead CFj or 6 mm. in Lead GP, was considered abnormal. 

Tho presence of features in the electrocardiograms of normal children which would be 
interpreted as abnormal in adults necessitates the use of caution in the interpretation of a 
single electrocardiogram obtained from one or more precordial positions in childhood. How- 
ever, after rheumatic fever children not infrequently show abnormal changes in the pre- 
cordial leads which are not present in limb leads and these changes present an additional clue 
to tho presence of myocardial damage. Efttw 


656 


AlklERICAN- HEART JOURNAL 


The authors did not feel that there was any likelihodd that rheumatic 'fever was re- 
sponsible for the findings in these four patients. However, three of the four patients had 
an erythematous rash and joint pains. This suggests that the diagnosis of rheumatic fever 
may occasionally have to be eliminated in making a diagnosis of infectious mononucleosis. 

McMillan. 

Ward, D. E., Jr., and Harrell, George T.: The Effect of Salicylate Therapy on the Weltmann 

Serum Coagulation Reaction and Its Use as a Prognostic Test in Rheiunatic Fever, 

Am. J. M. Sc. 211: 157 (Feb.), 1946, 

In addition to the leucocyte count, two laboratory tests aie available for. the estima- 
tion of the degree of activity and the prognosis of rheumatic fever : the sedimentation rate and 
the Weltmann reaction which is based upon the fact that calcium chloride coagulates blood 
serum. Since there is evidence that the sedimentation rate may be altered by salicylate ther- 
apy, the authors have studied the Weltmann reaction to determine whether it lilrewise is in- 
fluenced by salicylates, and also to determine its sensitivity and usefulness in comparison 
with the sedimentation rate. 

Tn normal serum the Weltmann coagulation band is alwa 5 'S 6. While salicylate in con- 
centrations much higher than those ever obtained in human subjects did shift the band to 
7, the reaction wms not affected by salicylate in anything like the concentration obtained 
under clinical conditions. 

In the presence of active inflammatory change, the sedimentation rate increases and the 
coagulation band becomes lower. As activity lessens, the sedimentation rate lowers and the 
coagulation band sliifts to the right toward the normal of 6. In untreated patients, the two 
reactions are generally but not always parallel. However, since the sedimentation rate is 
altered by sabcylate, while the Weltmann reaction is not, the authors feel that the Weltmann 
reaction is a more reliable measure of activity. ' McMillan. 

Lequime, J., van Heerswynghels, J., and Herlant, M.: Contribution to the Study of Con- 
genital Dilatation of the Pulmonary Artery, Arch. d. mal. du coeur 37: 7 (Jan.- 

Feb.), 1944. 

Clinical observations and autopsy flndings are reported in a case of a woman, aged 32 
years, who presented the syndrome of large pulmonary artery and small aorta. The patient 
had been breathless on effort since infancy and had been cyanotic since the age of 6 years. 
Essential features of the physical examination were cyanosis, clubbing of the fingers, a sys- 
tolic murmur at the cardiac apex, and a faint diastolic murmur at the sternal border in the 
third left intercostal space. Radiography revealed a small aortic knob, very large pulmonary 
conus, and enlargement of the left ventricle. The electrocardiogram showed right bundle 
branch block. On postmortem examination, the right and left ventricles and the right auricle 
were hypertrophied and dilated, the pulmonary artery was greatly widened, and the aorta 
was narrowed along its entire course. An opening in the interventricular septum was present, 
having the diameter of 1 fingerbreadth, and situated just below the mitral and tricuspid valves. 
A second opening was iiresent in the interauricular septum having a diameter of 1 centimeter. 

Studies prior to the onset of cardiac failure had shown that the arterial blood had an 
oxygen saturation of only 74 per cent. From this it was calculated that 37 per cent of thc- 
venous blood by-passed the lungs by way of the shunt. The presence of the veno-arterial 
shunt was also manifested by an arra-to-tongue circulation time of 12 seconds. It is pointed 
out that the veno-arterial shunt is a critical handicap, the absence of which permits the 
patient to tolerate much better the aortic and pulmonary defects. Laplace, 

Conte, W. E., McCaimnon, C. S., and Christie, A.: Congenital Defects Following Maternal 
V Eubella. Am. J. Dis. Child. 70: 301 (Nov.-Dee.), 1945. 

Evidence is presented which suggests that, infection ivilh rubella predisposes toward 
development of congenital anomalies. To date, 136 cases of congenital anomalies have been 
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The authors discuss the role of heparin in this disease and believe that it is of doubtful 
value except in special circumstances. A table is given for the correlation of penicillin serum 
levels with twenty-four-hour dose. They feel that it is advisable to maintain a serum level 
of penicillin at least four times as Mgh as the amount required to inliibit the growth of the 
organism in vitro. If this information is not available, they recommend a trial of 500,000 
units by this method daily for two to three weeks. If unsuccessful, recourse to an appro- 
priately equipped laboratory becomes imperative. M. W. Stroud. 

Scherlis, S.: The Recognition and Clinical Significance of Auricular Heart Soimds. Ann.' 
Int. Med. 24: 254 (Feb.) 1946. 

The author discusses the difference between presystolic ‘^murmurs" and pro- 
systolic "sounds” confusion in tliis regard may lead to a mistaken diagnosis of heart 
disease. Auricular sounds are usualty obscured by the normal first heart sound but may be 
heard as a low-pitched sound in diastole in cases of A-V dissociation. The mechanism 
by which the two parts of the auricular sound are produced is discussed. The first part can 
be heard more easily in children, while the second part is heard in some cases of heart 
block. Auricular sounds have been noted clinically in patients with hypertension, sickle cell 
anemia, hyperthyroidism, and Besnier-Boeck-Schaumann disease without e\’idence of cardiac 
disease. Split first sounds at the apex are usually of equal intensity while an auricular com- 
ponent is softer and lower pitched than the ventricular component. 

The mechanism of the Austin-Flint murmur of aortic insufficiency is said to be due to 
blood regurgitating through a damaged aortic valve against the anterior mitral curtain and 
pushing it into the blood stream passing from auricle to ventricle. The presystolic murmur 
of mitral stenosis is dependent upon effective auricular contraction but may be present in 
fast auricular fibrillation due to a summation of the mid-diastolic murmur and the normal 
first sound with shortening of diastole. 

The importance of the left lateral position of the body to bring out sounds is noted 
and the simultaneous use of electrocardiogram, stethogram, and jugular pulse is illustrated to 
clarify the discussion. M. W. Stroud. 

Sensenbach, W., and Buie, R, M., Jr.: Persistent Ventricular Bigeminal Rhythm in Ap- 
parently Normal Hearts. Am. J. M. Sc. 211: 332 (March) 1946. 

In a series of 33 patients presenting bigeminal rhythm, eight patients were observed 
in whom evidence of heart disease was lacking but wdio had frequent regularly oc- 
curring premature beats. Four of these patients presented evidence of advanced arterio- 
sclerosis so that heart disease could not be entirely excluded. In the remaining cases, 
occasional short periods of bigeminal rhythm were present in tw'o women in whom pro- 
found emotional factors were found to be operative. 

The two remaining eases of persistent bigeminal rhythm wmre observed in a 12- 
year-old mentally deficient girl and in a 33-ycar-old w'oman with rheumatoid arthritis, asso- 
ciated with marked emotional disturbance related to the skeletal deformity and the 
incapacity caused by the arthritis. 

The cause for the occasional occurrence of persistent bigeminal rhythm with apparently 
normal hearts is unknowm. Beulet. 

Starr, I., and Friedland, C. K.: On the Cause of the Respiratory Variation of the Ballisto- 
cardiogram, With a Note on Sinus Arrhythmia. J. Clin. Investigation 25 : 53 f Jan 1 
1946. ^ 

Ballistocardiographic impacts increase in size during inspiration and decrease in size 
during expiration. Evidence is presented showing that this variation is due to changes in 
pressure rather than to changes in the heart's position. It is impossible to reverse the respira- 
tory effects upon the ballistocardiogram by changing the subject’s position on the table 
Inflation of the lungs by a blast of air is capable of reversing this respiratory variation even 
though the heart’s axis is brought closer to the axis of the recording instrument by the 
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Uantz, A. L., Spink, W. W., and Boisvert, P. J.: Abnormalities in tbe Electrocardiogram 

Following Hemolytic Streptococcus Sore Throat. Arch. Int. Med. 77: 66 (Jan.), 1940. 

Detailed serial electrocardiographic studies were made in 185 patients with "acute hemo- 
lytic streptococcic disease of the respiratory tract, approximately 50 of w’hom exhibited signs 
of an arthritic or nonarthritie continuing disease. Definite electrocardiographic abnormalities 
were observed in 31 of these patients. Twenty-two patients belonged to the nonarthritie group. 
This group manifested significant prolongation of the P-R interval in 15 patients and T-wave 
changes in seven patients. The abnormalities persisted from three to twenty-eight days. Of 
the group of patients who had gonorrhea with arthritic manifestations, five showed conduction 
disturbances and four showed T-wave changes. Arthritic poststreptococcic disease was more 
severe than the nonarthritie type. The presence of these electrocardiographic changes was 
invariably associated with other evidence of a continuing abnormal tissue reaction, as mani- 
fested by elevated sedimentation rate, fever, malaise, or arthritis. The authors emphasize that 
the abnormalities of the electrocardiogram of the type observed in their study during the 
poststreptococcic state may also be observed during and after attacks of other infectious 
diseases, such as typhoid, typhus, gonococcic arthritis, pulmonary tuberculosis, malaria, rheu- 
matoid arthritis, and lobar pneumonia. They suggest that the frequency, duration, and mag- 
nitude of the abnormality will be greater after an infection by hemolytic streptococci, but 
that true specificity of the changes observed cannot be established. It is concluded that the 
manifestations which follow acute hemolytic streptococcic infection of the respiratory tract 
are similar to those of rheumatic fever, that the type of poststreptococcic continuing disease 
with arthritis is a tissue reaction identical with that ordinarily described as rheumatic fever, 
and that the nonarthritie illness is a closely related process. BKrj.r.T. 

Hartz, P. H., and Van der Sar, A: Occurrence of Rheumatic Carditis in the Native Popula- 
tion of Curacao, Netherlands West Indies. Arch. Path. 41: 32 (Jan.) 1946. 

Theic is a widely accepted belief that acute rheumatic fever and rheumatic carditis are 
extremely rare or actually nonexistent in the tropics. Opinion in this regard is unreliable, how- 
ever, when it is based on clinical observation alone. Only when autopsies and careful histologic 
examinations have been made in relation to a known sample of the population can conclusions 
as to the incidence of tliese diseases be considered valid. In .a controlled study, it was found 
that among 3,391 medical admissions to a hospital in Curacao, Netherlands West Indies, 
during a period of five years, there were 61 patients wlio had acute rheumatic fever and three 
patients who had chorea. No cases of scarlet fever were observed. Among 1,307 autopsies 
on natives of Curacao, Aruba, and Bonaire, typical gross lesions of rheumatic carditis rvere 
found in 20 cases. Histologpc examination was made in 12 of these cases, and in 11 instances 
Aschoff lesions were identified. 

Rlieumatic fever is certainly more frequent in the tropics than is commonly believed. 
There is a need for more reliable data 'on the subject, especially for autopsy studies witli 
histologic examination. Laplack. 

Dawson, M. H., and Hunter, T. H.: The Treatment of Subacute Bacterial Endocarditis 

With Penicillin. Ann. Int. Med. 24: 170 (Peb.) 1946. 

The authois present 15 new cases of subacute bacterial endocarditis treated with 
penicillin in addition to the follow-up of 17 of the 20 cases rvhich they previously reported. 
Of the 35 patients, 30 are alive and apparently cured of the infection. The average 
period of follow-up has been fourteen months. 

Their method of treatment consisted of continuous intramuscular drip for eight to 
tiventj'-seven days. A twenty-four-hour volume of 250 to 500 c.c. of penicillin solution in 
0.85 per cent sodium chloride was well tolerated. Repeated courses were necessary in some 
cases, with increased dosage and/or length of time, depending on the sensitivity of the in- 
dividual organisms to penicillin. No relapses occurred later than two weeks after treatment. 
In no case did the infecting organism develop significant resistance to penicillin. Two 
patients died but culture at post-mortem examination revealed no active infection. 
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Valok Pronostico del Electro CARD iOGEAit a. By M. Vela^ MJD., Libreria Edit., Cient. Med. 

Esp., Madrid, Spain, 1944. Vol. 1 contains 336 pages with 252 illustrations, and Vol. 2 

contains statistical data, 

Tliis work deals with the prognostic value of electrocardiography, a fascinating but 
extremely difficult problem. 

The first part is devoted to an historical review. The second discusses the material on 
which the wTiter’s work is based, namely 11,000 ambulatory patients. The third part dis- 
cusses the prognosis for each wave pattern and for each electrocardiographic diagnosis. The 
fourth part discusses the mode of death and tlie age at death in different diseases. 

The work is based on the study of two different tables. One of them lists the frequency 
of each electrocardiograpliic sign in the different diseases and its respective mortality. The 
other lists the mortality of each disease without considering the electrocardiogram. A com- 
parison is then made between the mortality of a disease and that of the same disease when a 
certain electrocardiographic abnormality is present. 

The relatively short duration of life of the patients (43 per cent of patients with mitral 
stenosis died within three years) indicates that they were examined for the first time when 
the clinical course was 'well advanced, a fact -which lessens the interest of some of the data. 

Among the results of the study, the following deserve mention: (1) Bundle branch 
block has a very high mortality, 68 per cent. (2) Inversion of T in Leads I and II has a 
60 per cent mortalitj'; T-wave inversion in Leads II and III has only a 47 per cent mortality. 
(3) Inverted Tj 'with right axis deviation has a mortality of 64 per cent; inverted Tj with left 
axis deviation may ’be normal. Left axis deviation with upright T may be a serious abnor- 
mality. (4) Sudden death cannot be foreseen on the basis of electrocardiographic tracings. 
(5) Patients "with a normal electrocardiogram have a better prognosis than otherwise, whatever 
the disease. 

Some of these and other conclusions may seem unexpected. This is partly due to the 
fact that one cannot correlate the electrocardiographic abnormality with the other clinical 
data, and partly to the inherent weakness of all statistical studies: their dependence on 
the method and material employed. 

A. Luisada, M.D. 
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diaphragmatic descent thus produced. Breatliing through an obstruction and thus exag- 
gerating the pressure differences of the cycle without influencing the changes of the heart’s 
position greatly increases the respiratory variation of impacts. In a patient with an aneurysm 
of the left ventricle it was demonstrated that the right ventricle ’s contribution to the ballisto- 
cardiogram is greater than that of the left ventricle during inspiration and is less than that 
of the left ventricle during expiration. These relationships can be reversed by inflating the 
lungs with a blast of air. It is apparent that blood is sucked into the chest during inspiration 
thus enhancing right ventricular filling; left ventricular filling is diminished during inspira- 
tion owing to the increased quantity of blood contained in the expanded lungs. During expira- 
tion less blood flows into the chest and right ventricular filling is accordingly reduced 
whereas left ventricular filling is enhanced by the blood being 5 'squeezed” out of the pul- 
monary reservoir. Eecords of arterial pressure obtained by means of the Hamilton 
manometer support this thesis in that arterial pressure declines during inspiration and rises 
during expiration. Sinus arrhythmia is related to reduced right ventricular filling during 
expiration: the heart behaves as if it were waiting for the right ventricle to be filled before 
contracting, . Eriedland. 

Elklnton, J. E., Danowski, T. S., and Winkler, A. W.: Hemodynamic Changes in Salt 

Depletion and in Dehydration. J. Clin. Investigation 25: 120 (Jan.) 1946. 

Acute salt depletion in dogs produces a shocklike state resembling traumatic shock. 
There is a reduction in cardiac output, plasma volume, circulating plasma protein, blood 
pressure, circulation rate, and extracellular fluid volume. Water-depleted animals that have a 
comparable diminution in extracellular fluid volume do not display peripheral vascular collapse 
although cardiac output, plasma volume, mean arterial pressure, and circulation rate may 
decline. The hemodynamic differences between salt and water depletion may be related to 
complete maintenance or very slight reduction in the circulating plasma protein in the latter. 
The importance of salt depletion as a precursor of the shocklike state in untraumatized 'animals 
is emphasized. Eriedeand. 

Wiggers, H. C., and Ingraham, E. 0.: Hemorrhagic Shock: Definition and Criteria for Its 

Diagnosis. J. Clin. Investigation 25: 30 (Jan.) 1946. 

Hemorrhagic shock was produced in dogs by rapid bleeding from a femoral artery until 
the mean arterial blood pressure fell to 40 mm. of mercury. This level was maintained for 
ninety minutes by additional bleeding as needed and all the blood withdrami was reinfnsed at 
the end of this period. A classification for the shock thus produced is proposed; (1) simple 
hemorrhagic hypotensive state in which the blood loss does not exceed 40 per cent of tho 
total blood volume and from which the animal usually recovers bv means of his inherent com- 
pensatory regulatory mechanisms; (2) impending shock state where the blood loss exceeds 40 
per cent of the total circulating blood volume and from which tho animal may recover if it 
is infused with suitable agents; and (3) irreversible shock state from which the animal 
does not recover despite infusion of suitable agents. Five criteria for the adequate diagnosis 
of the irreversible shock state are proposed: (a) spontaneous arterial pressure decline 
below 40 to 45 mm. Hg de.spite attempts to restore the blood pressure to "standard” hypo- 
tensive level by means of infusions of saline or whole blood ; (b) relative hemoconcentration 
during tho hypote^ion period [an unfavorable prognosis is indicated when the plasma specific 
gravity declines to a static level within the first sixty minutes of the hypotensive period; 
.an even more unfavorable prognosis is indicated should plasma specific gravity begin to 
rise (after the initial decline) before the termination of the ninety-minute hypotensive period] ; 
(e) diarrhea and passage of blood-tinged fecal material following the termination of the 
ninety-minute hypotensive period; (d) postreinfusion heart rate of 150 beats per minute 
despite nornual blood pressure, indicating a state of irreversible shock; and (o) postreinfusion 
blood or plasma specific gravity which is likely to be higher than the control value in the ani- 
mals that die whereas in siuwiving animals it is likely to be less than the control value, 
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Fig. 1 — Actuiomiices septicus drawn to scale -with the aid of Abbe camera lucida. Portions 
of two microscopic fields have been brought together for this illustration. 
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with slight general clouding of the supernatant broth in forty-eight hours. 
Pellicle formation was not obseiwed. It would seem that the gradual adaptation 
to growth in these culture media had been associated with a tolerance of increased 
oxygen in the environmental medium, perhaps merely because of greater growth 
vigor. On potato, raw or cooked, the growth was scant and vdthout pigmenta- 
tion. The culture gi’owth in gelatin at 37° C. for two weeks permitted the gela- 
tin to congeal on cooling. Jlilk used as a culture mediiun was coagulated in 
twenty-four hours. Dextrose, saccharose, maltose and mannite were fermented 
with i^roduetion of acid Avithout gas. Lactose, salicin, raffinose and inulin Avere 
not fermented. A broth culture o)ie Aveek old heated at 75° C. for fifteen min- 
utes could not be subcultured although the unheated control remained viable. 
No motility could be observed and no acid-fast elements could be found. In 
young cultures the filaments Avere in part gram-positive. After ninety-six hours 
in broth these filaments became predominantly gram-negative. 

The' inoculation of rabbits, guinea pigs and mice neither gave rise to gross 
lesions nor caused death. After intraA’^enous injection of the culture into mice 
and rabbits, multiple microscopic nodes of consolidation Avith necrotic centers 
Averc obseiwed in the lungs, but the microbes Avere not recovered from these 
nodes ahd the attempts to demonstrate their presence by staining sections of 
lung AA'ere not successful. It is probable, hoAvever, that diligent repetition of 
these experiments and the use of different time intervals after inoculation Avould 
permit recoA’ery of the organisms in culture and their detection in the tissue sec- 
tions. Our studies, so far, liaA'e shoAim merely production of microscopic nodules 
and the lack of actively invasive pathogenic properties for the small animals. 

Although the production of pigment has not been observed Avith certainty 
in any culture, the later maintenance cultures on slants of blood agar have shoAAUi 
a pale pink tint AA'hich is still evident Avhen the colony is removed and spread onto 
AA'hite paper. The tint is similar to that in the condensation liquid at the bottom 
of the blood agar slant and may possibly be due to imbibition of the blood 
pigment by the bacterial colony Avithout alteration of the hemoglobin. 

Tlie morphologic appearance of the organism under the microscope is shoAvn 
in Fig. 1, in Avhich are rcpi’esented portions of mycelial groAAdh seen in tAVO dif- 
ferent microscopic fields. The preparation AA*as made from a culture in neo- 
peptone dextrose broth enriched Avith ascitic fluid, developed for forty-eight 
hours at 37° C., smeared on slides, fixed by flame, and stained by Gram’s method. 
There is a branching nonseptatc filament Avhich tends to produce a tangled in- 
tenvoven me.sliAA’ork. The individual thread is extremely variable in diameter. 
The fact that portions are A'cry slender suggests that the substance of the thread 
])o.ssc..s.ses a ductile quality Avhich permits it to become extremely tenuous. At 
A’uriable inteiwals there are round, OA'oid, oliAmry, or more elongated masses Avhich 
retain the intense A'iolet stain. The.se mas.se.s attain a transv'erse diameter of 
1 to 1.5 microns and as a rule are sharply defined. The intermediate portions 
of the filament are gram-negatiA’e, but not unifonnly so, for in places there are 
minute granules in the substance Avhich retain the violet dye to a Amriable degree. 
As the culture becomes older, the gram-po.sitive elements become relatively less 
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abundant and the gram-negative portions of the filament become relatively 
more conspicuous. The relation of the different types of substance in the fila- 
ment and their biologic significance have not been fully elucidated. When 
stained with earbolfuehsin and deeolori 2 ed with acids, the tlu-eads are bleached. 
No acid-fast portions have been found in young or in old cultures. Even after 
long cultivation on artificial media the mycelium tends to remain undivided. 
Indhddual bacillary and coecoid elements occur but they are not conspicuously 
abundant. 

The beha\nor of this organism in the presence of anti-infectious agents is 
a matter of practical importance. After repeated transplantation to promote 
vigorous grovdh this organism was introduced into neopeptone buffered broth 
enriched with dextrose and ascitic fluid. An adequate inoculation produced 
abundant groMffh in twenty-four hours. A series of tubes was prepared contain- 
ing this medium and progi’essively smaller amounts of penicillin. The first 
tube contained 50 Oxford units of penicillin in a total volume of 10 ml., repre- 
senting 500 units per 100 ml. ; the next contained a concentration representing 250 
units per 100 milliliters. The concentrations in the remaining tubes represented 
125, 63, 32, 16, 8, 4, 2, 1, and 0.5 units per 100 ml.; the last tube, a control, con- 
tained no penicillin. On February 28, a qualitative result indicated a definite 
inhibition of grovih bj’- penicillin, but growth of the organism was not vigorous 
enough for quantitative readings. On MaTch 12 complete inhibition of macro- 
scopic growth' was observed through the series to and including the tube con- 
taining 1 unit in 100 ml. of medium," or 0.01 unit per milhiiter. A parallel 
series of tubes inoculated with the staphylococcus (F.D.A. 209) showed com- 
plete inliibition in a dilution of 2- units per 100 ml., or 0.02 units per milliliter. 
After much longer cultivation of the aetinomyces in vitro it was found that 4 
units of penicillin per 100 ml. were required to inhibit macroscopic gro%vth. 
This variation was evidentlj’ related to the acquired vigor of growth in culture 
media, wliich was quite pronounced with this microbe. Sodium bismuth thio- 
glycollate (thiobismol), 1 mg. in 100 ml. of medium, was germicidal to this 
aetinomyces; 0.1 mg. hi 100 ml. caused inliibition of macroscopic growth and 
0.01 mg' per 100 ml. caused slight inliibition of growtli as compared with tJie 
control tube. This result was. obtained with a vigorous culture: on Sept. 12, 
1944. . . ^ 

This organism may be placed -with confidence ■ in the order of Actino- 
mjcetales (Buchanan-) and perhaps, with less certainty in the family Actino- 
raycetaceae (Buchanan-). Generic cla.ssificatipn within.lhis family is still some- 
what unsettled. The renewed interest in tliis group of microbes which has come 
about in part because of the search for biologic anti-infectious agents may bring 
advances in loiowledge of the entire order which will permit, a revision of- tlie 
classification and nomenclature. Recently- 'Waks^nan and Henrici^ have, recog- 
nized two genera, chiefly on the basis of -^^oxygen requirements for groirth. 
Actinomyces, including strictly anaerobic organisms,, and. A'ocqrdw, including 
the aerobic fomis. Unfortunately some of the patjiogenic -types -uf- these, fila- 
iiientoiLS bacteria seem to be anaerobic or iiiicrG-aernphilic when recently taken 
from the body of the host, but are able to adapt themselves after a time'so that 
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We® have, therefore,, tentatively designated this organism as AcUnomyces 
septicus, nov. spec., pending further advances in the study of the entire biologic 
group, 

SUMMARY 

1. A branching filamentous organism was obtained on four occasions during 
Pebruar}', 1944, in cultures of blood from a patient with bacterial endocarditis. 

2. This organism exhibited the characteristics of a micro-aerophilic actino- 
myces, irregularl}^ gram-positive and not acid-fast. 

3. It was susceptible to the action of penicillin but became more resistant 
to this agent after prolonged cultivation in vitro. 

4. Bacteria belonging to the Actinomycetaeeae haA’'e been reported in cul- 
tures of the blood during life infrequently. The present microbe is evidently 
different from these. 

5. The name Actinomyces septicus, nov. spec., has been tentatively suggested. 
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vigorous growth in culture media takes place under either anaerobic or aerobic 
conditions. These authors have furthermore proposed a new family, Strepto- 
myeetaceae, to which some of these bacteria would be transferred. Pending 
further clarification of the matter, we would place our organism in the family 
Aetinomycetales (Buchanan) and in the old genus Actinomyces (Harz, 1877) 
rather than in the new genus Streptoniyces (Waksman and Henrici, 1943). 

Specific designation presents even more difficulty. The many morphologic 
and physiologic features of organisms in this group require more study to en- 
sure certainty as to constancy in a given instance and their reliability as a basis 
for recognition of valid species. 

So far as we have been able to ascertain, there is no previously recorded 
example of the clinical disease observed in the patient J. R. There are records 
of generalized infection with filamentous bacteria, some of which seem to be 
closely related. In 1907 Lohlein^ observed at necropsy an individual with gen- 
eralized streptotriehosis evidently originating in the respiratory tract and ex- 
tending through the blood stream to invade all the viscera. Cultures of the blood 
during life were negative, including the one taken forty-eight hours before 
death. At the post-mortem examination two days after death an agar plate in- 
oculated with only three drops of heart’s blood yielded countless colonies of the 
filamentous microbe. This microbe was also found in the metastatic abscesses 
throughout the body and in the large primary abscess in the lung. The or- 
ganism was partially acid-fast; it liquefied gelatin and produced yellow pig- 
ment. In 1925 Thj^tta and Gundersen® reported isolation of a streptothrix 
from the blood of a patient with severe rheumatism. After incubation for two 
weeks the growth appeared as woolly colonies on the bottom of the culture flask 
and then extended along the wall to the surface, where it spread as a white, 
scaly pellicle. The authors thought that this streptothrix did not cause the 
disease. 

Actmobacillus Ugnieresi (Brumpt) was obtained in blood culture during 
life from a patient who appeared to have endocarditis, first by Thompson and 
Willius® and later, in the same patient, by Lawrence, Neuhauser, and Howell.’^ 
This organism was classified in the order Aetinomycetales and in the genus 
Actinohacilhis. The growth in culture consists of gram-negative rods. The 
organism is obviously quite distinct from the filamentous organism in our patient. 

Biggart® found a filamentous organism in an abscess of the thigh and in 
the metastatic pyemic lesions throughout the body of a patient at necrops 3 ^ The 
microbe was aerobic and liquefied gelatin. The author recognized it as Actino- 
myces graminis (Bostroem). In some respects the organism from our patient 
resembles this. However, our organism is not adherent to the agar medium, does 
not liquefy gelatin, and has not produced pigment on potato, nutrient agar or 
Sabouraud’s medium: it grows by preference beneath the surface of the medium 
as a micro-aerophil and may without question be accepted as pathogenic. The 
clinical features of the disease in which it has been recognized as the pathogenic 
agent have been so unique that they require .some consideration in classification 
of the microbe. 
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J, E., a 39-year-ol(l -niiite man, born May 30, 1004, was admitted to the jS^'ew' York 
Post-Graduate Hospital on Feb. 26, 1.944. His parents were born in Germany. His father 
died in 1920, and his mother is living and in good health. One brother, born in 1906, suf- 
fered a prolonged illness due to tuberculosis but is now in good condition. 
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Fig. 3. 


The patient was liealthy as a child. At 11 years of age he had diplitheria and when 
he was 12 years old he suffered a severe respiratorj' infection while he was at a boys’ 
camp in the summer. There was no swelling of the joints at this time. Subsequently he 
was subject to digestive upsets, ascribed to a “nervous” stomach. At 17 years of' age 
he suffered a severe attack of malaria, which has not recurred. Earl^' in 1932, when the 
patient was 28 years of age, a cardiac murmur was detected for tlie first time. He was 
advised to give up tennis- in 1942 and in June, 1942, he was rejected for military service 
because of the heart murmur. He is a financial broker. 

On Sept. 20, 1943, he and' his wife went to Hollywood, Calif., for a three months’ 
vacation. During this time he 'Visited Palm Springs, San Francisco, and Arrowhead Inn. 
as well as a dude ranch. Travel was chiefly by automobile but train and plane were used 





























CLTNICAL AEREST OP ENDOCAEDIAL ACTINOMYCOSIS AFTER 
FORTY-POUR MILLION UNITS OP PENICILLIN 


Ward J. i\rAC Nk.u., M.D,, Anne BLE\aKS, R.N., and A. Wilbur Duryee, I\[.D. 

New York, N. Y. 

A iVrONG the many microbes whieli liave been incriminated as causal ive agents 
I. in the bacterial types of human endocarditis, the filamentous bacteria 
commonly designated as aetinomyeetes have reeeived rather scant attention. 
Perry^ in his monograpli on bacterial endocarditis does not mention actinomyces. 
Thjdtta and Gundersen,- in 1925, reported isolating from the circulating blood 
of a patient a sloivly developing filamentous organism which they placed in the 
genus CohnisU'eptothrix in the family of the Aetinomyeetales. The patient 
survived a prolonged illness considered to lie typical rheumatic fever, and the 
presence of the filamentous bacteria was regarded as merely incidental and 
harmless. Coimell and Shookbofi:,^ in 1944, reported three examples of cardiac 
aetinomycosi.s, in each of Avhieh the infection evidently reached the heart by 
direct extension from adjacent structures such as the esophagus or the lung. 
These autliors found reports of 68 eases of cardiac actinomycosis in tlie litera- 
ture, to which they added their own three, and, in a supplementary note, two 
more. In most of these eases, the infection involved the pericardium and 
myocardium by extension, but there were 19 pyemic infections. The endo- 
cardium was involved in approximately 18 cases, sometimes by extension 
through the myocardium. Among these 68 patients, recovery was observed 
in only one, the patient of Bigland and Sergeant,^ in whom an actinomycotic 
empyema involving the pericardium was ti*eated successfully by thoracotomy. 

A filamentous organism belonging in thi.s general group was obtained by 
Custis, Halley, and Bacon® in cultures of the circulating blood in a patient 
with mitral endocarditis later confirmed by necropsy. The organism which 
they found was classified as Actinohacillus Jignieresi. Thompson® had recog- 
nized this same organism in 1932 in blood cultures from a patient with endo- 
carditis in whom spontaneous recovery was observed. 

In the present communication we present the record of a man, aged 39 
year.s, with apparent actinomycosis of the mitral valve, repeatedly positive 
blood cultures, multiple embolic lesions, apha.sia, right hemiplegia, amnesia for 
a long period, and eventual apparent recovery from the infection. It seems 
very probable that the recovery ivas related to the therapeutic program in 
this instance. 


From the Department of Bacteriolos:}' and the Department of Medicine, New York Post- 
Oraduate Jlcdical Sciiool and Ho.spitai, Columbia University. 
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for the trip to San Francisco. He bathed in the ocean frequently. He remembers pulling 
up a long stem of grass along Hollywood Boulevard and chewing this stem for some min- 
utes. He felt ver>' well during the vacation until the last week, December 13 to 20, when 
he felt tired and below par. He and his wdfe left Hollywood by train on December 20. 
That night he felt feverish, omitted dinner, and remained in bed until they reached Chi- 
cago, on December 22. There he got some tablets at a drug store and had a good breakfast. 
He took an afternoon train which arrived in New York at 9 A.M. on December 2.3. He went 
by taxi cab to his apartment on 79th Street. On December 24, he went to his office and 
again on December 26 and 27, but thereafter remained in bed until December 31. On that 
evening he went out for dinner. However, he was forced to return home about 10 p.m. 
and call a phy.sician (A. W. D.). On January 3, after two days in bed, the patient went 
to his office, but was sent home because he was obviously ill. That evening his tempera- 
ture reached 104° F. The illness was considered to be a cold, and the physician was called 
again on Januarj^ 10, at which time codeine and aspirin were prescribed. Four days later 
benzoin inhalations were started. A blood count on Januarj' 1.5 showed hemoglobin, 85 per 
cent; red cells, 4,200,000; white cells, 9,150; polymorphonuclear neutrophiles, 73 per cent; 
lymphocytes, 25 per cent; mononueleans, 1 per cent; and eosinophiles, 1 per cent. Of the 
neutrophiles 9 per cent were band forms. A tentative diagnosis of virus pneumonia was 
made and hospitalization was arranged. 

The patient was admitted to the Doctors’ Hospital at 4 p.m. on .Tan. 16, 1944. We 
are indebted to this hospital for access to the records wliich are summarized in Figs. 1, 2, 
and 3. By January 24 the patient seemed well enough to go home, where he promptly 
suffered a relapse. He was readmitted to the hospital on January 25. In addition to the 
cough, fever, and sj'stolic murmur, the patient now had severe persistent headache, with 
occasional chills, nausea, and emesis. There was a change in the heart murmur. The fever 
could not be controlled, embolic lesions appeared, and cultures of the circulating blood 
made on February 2 and February 7 yielded a positive growth. There were 14 colonies 
per milliliter of the patient’s blood in the culture taken on February 7. The microbe 
proved to be a branching filamentous actinomyces. After February 17 there were mani- 
festations of increasingly severe intracranial deterioration until the patient became en- 
tirely unre.sponsive. On February 26, he was transferred to the New York Post-Graduate 
Hospital in a stuporous, unresponsive state. His temperature was 103.2° F., his pulse rate 
was 136, and his respiratory rate was 28. The diagnosis on admission was “vegetative 
endocarditis with widespread embolizations (including brain) and bacteremia.” A speci- 
men of blood showed a sedimentation rate of 70 mm. in 60 minutes, and its culture de- 
veloped a growth of the actinomyces, 10 colonies per milliliter of the patient’s blood. 
It was the general opinion that he would not .survive the night. The intravenous injection 
of 5,000 units of penicillin every two hours was started at once. 

Figs. 4 and 5 show the abbreviated record from February 26 to March 28. The fever 
showed a marked decline, but the mental derangement, with only occasional lucid intervals, 
persisted. On March 16 there was total loss of speech and, on March 19, complete right 
hemiplegia, complicated by difficulty in swallowing. There were also numerous new embolic 
spots on the mucous membranes and the skin. On March 20 the dose of penicillin was 
increased to 10,000 units every two hours. On March 21 he was able to move his extrem- 
ities slightly, and on March 23 he was able to swallow without difficulty. He was able to 
say “No” on March 25 and both “No” and “Yes” on March 26. On February 28, two 
days after the initiation of penicillin therapy, the blood culture became positive, with less 
than one colony per milliliter of the patient’s blood. All subsequent cultures of the blood 
remained negative; nevertheless embolic lesions continued to appear from time to time. 

The abbreviated record from March 29 to April 29 is shown in Figs. 6 and 7. Here 
the length of the lines indicating doses of penicillin has been reduced to save space but the 
value of each dose is 10,000 units every two hours. From Alarch 31 to April 3 there were 
repeated mild epileptic episodes. However, the patient recovered his speech and was able 
to converse, with some hesitation, by April 12. Embolic spots continued to appear from 
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time to time. A tooth -n-as filled on April 22. There was gradual return of strength in the 
right arm and leg. 

The abbreviated record from April .30 to May 31 is shown in Figs. 8 and 9. Electro- 
cardiographic examination on May 1 revealed l^ft axis deviation and a sinus tachycardia 
with a rate of 105. The rise in temperature on May 3 was believed to be related to an 
emotional disturbance. By May 23 the patiei^t Avas_/iblQ to walk. On May 17 the dosage 
of penicillin was reduced to 5,000 units every two hours and on May 24 to 2,000 units every 
two hours. New painful embolic .spots appeared on the left hand on May 28, and on Alay 
30 there was a chill. The reduction of penicillin had been premature, although perhaps 
not to be too severelj^ criticized when we recall the difficulties in penicillin distribution 
in Maj-, 1944. On Maj- 31, the dose was increa.sed to 10,000 units every two hours. The 
patient remembers nothing from January 25 until about the middle of IMay. 
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From .Tune 1 to July 2 (Figs. 10 and 11) the clinical improvement continued and re- 
education progressed slowly. The patient played chess on June 5. There was another 
emotional disturbance on June 12 and 13, and the patient had a chill on June 13. By Julj’ 
2 he seemed to be convalescent. 

The record from July 3 to August 3 is .shown in Figs. 12 and 13. The patient pro- 
gressed very well until Julj- 16, when there was a tender swelling in the back which ap- 
peared to be embolic in origin. Other embolic lesions appeared on July 19. Strict bed 
rest was again enforced. Sodium salicylate in doses of 20 grains every four hours was 
started on July 21 and was continued with some irregularity until Julj- 31. On July 21 
also the penicillin dose was increased to 20,000 units every two hours. An electrocardio- 
graphic examination on July 29 revealed no essential change from the examination on 
Mtiy 1. On August 2, the patient was allowed to sit in a chair. 

In Figs. 14 and 15, showing the abbreviated record from August 4 to September 4, 
the lines for penicillin doses have again been shortened. These doses were continued at 
20,000 units every two hours throughout this period. Embolic spots in the palms of the 
hands rvere observed again after August 10, and on August 15 and 18 there were chills and 
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these peaks ivas preceded hy emesis on October 16. The disturbance was ascribed to pos- 
sible impurities in a new lot of penicillin, which was not used after October 17. The sedi- 
mentation rate on October 13, 20, and 27 and on November 3 was 15, 9, IS, and 6 mm. per 
hour, respectively. Best in the recumbent position was still strictly enforced. 

During the period from November 8 to December 9 the temperature reached 99.6 D. 
only once, on December 5. The thiobismol was continued as before. The dosage of peni- 
cillin was continued at 20,000 units every two hours until 10:2.5 A.Sf. on November 17, 
then reduced to 10,000 units everj' two hours until 7:30 A.M. on November 19 and to 5,000 
units every tAvo hours until 3:30 P.M. on November 21, when it was discontinued entirely. 
There Avas an episode of petit mal on November 22. On and after November 25 the patient 
Avas alloAA'ed to sit in a chair. Walking AA-as permitted daily after November 27. The sedi- 
mentation rate remained Ioav. 

The thiobismol was discontinued after December 9 and the patient was unrestricted 
except that he was required to aA’oid fatigue. His temperature reached 100° F. at noon on 
December 18 and 99.8° F. on December 28. His pulse rate and his blood pressure, which 
Avas observed twice dail}', became less irregular after December 18. Electrocardiographic 
study on December 23 gave the same result as that in preA'ious electrocardiograms, except 
that noAA' there AA^ere premature A'entrieular contractions. During this period the patient 
was kept occupied by a program of re-education in speech and penmanship and he was 
obviousl}’’ interested in the frequent measurements of blood pressure, palpation of abdo- 
men, and auscultation of the thorax. He was finally discharged from the hospital on Dec. 
27, 1944. There remained some facial asj'mmetrA' and also some difficult}’’ in finding the 
right word, so that his speech was slow and hesitating. The loud .systolic murmur persisted. 

The patient was seen at interA^als during the next month at the hospital and at his 
residence. He remained under the care of a trained nurse. His progress was slow and at 
times precarious. Early in February, hoAvcA’-er, he left for California in the care of the 
nurse. Since that time aa'c have received sev'eral reports, some of them from the patient 
himself in his oAA’n liandAAwiting. The remnants of .speech difficulty, of facial asymmetry, 
and of weakness of the right arm and leg which still persist are recognized only by the 
careful attention of a trained observer. To his friends and social acquaintances the pa- 
tient appears entirely well. 

COMMENT 

We have attempted to present in an objective fashion the record of a pa- 
tient, J. R., who has survived a septic disease in which there seemed at first 
no possible excuse for optimism. The diagnosis of actinomycosis of the mitral 
valve has been accepted by the consultants who saw the patient in January, 
1944. This diagnosis rests upon the clinical evidence of changing structure 
and function of the mitral valve ; the repeated multiple embolic insults to the 
skin, mucous membranes, subcutaneous tissues, spleen, and brain ; and the four 
positive cultures of the circulating blood, taken on February 2, 4, 26, and 28, 
which all yielded growth of a branching, filamentous microbe designated as 
Actinomyces septievs, nov. spec. Against this diagnosis may be urged the lack 
of direct inspection of the endocardium and the absence of a lethal termina- 
tion of the infectious process. 

Physicians who have observed the termination of an infection by admin- 
istration of three or four doses of penicillin in a period of twenty-four hours 
may legard the injections of this agent every two hours from February 26 to 
November 21, a period of nearly nine months, as absurdly extravagant. We 
believe, however, that the therapeutic agents, penicillin and thiobismol, ex- 
erted in this instance only a bacterio.static influence upon the infecting microbe 
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elevations of temperature. On August 18 the following note was recorded: "The occa- 
sional upsets, such as that of August 15, and the curious spots on the skin, as well as the 
scattered firm lumps felt in the subcutaneous tissues from time to time, all suggest that 
there is still some actinomycotic infection on the mitral valve. The therapy seems to hold 
this infection in check but without as yet permitting complete healing. It seems to me 
that the patient should be protected as far as po.ssible from disturbing stimuli, emotional, 
mental, and physical. It is probably unwise to allow him to transact serious business over 
the telephone, and it might be well to consider strict bed rest with use of bedpan for 
several weeks. Unless healing does take place we shall sooner or later be confronted with 
a progressive infection which cannot be controlled bj' penicillin or bismuth or by both 
combined.” This serious view of the situation was accepted by the consultants and by 
the family. More embolic spots appeared and there were temperature spikes and a chill 
late in August. In spite of the clinical evidence of occasional microbic invasion of the 
circulating blood, all cultures of the blood, after the positive blood culture obtained on 
February 28, two days after admission to the Post-Graduate Hospital, remained negative. 
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The charts showing the subsequent record are omitted because of the limitations of 
space. From September 5 to October 6 the thiobisniol and penicillin were continued as 
before. Blood was not given during this time. The patient was not allowed to sit up but 
he was taken into the open air on a wheel stretcher on fair days. On September 16, new 
crowns were placed on two molar teeth. His temperature remained well below 100° F. 
except on one day, September 21, when it reached 100.1° F. in the afternoon. The pulse 
rate was 124 per minute, and there were twitching of the right facial muscles and increased 
difiiculty in speech. These manifestations proved to be evanescent. 

From October 7 to November 7 the same therapeutic program was followed, and the 
clinical chart continued to indicate satisfactory progres.s. His temperature exceeded 99.4° F. 
on only two occasions; on October 17, when it reached 101° F. at noon, with a pulse rate 
of 140 per minute; and on November 2, when it reached 99,8° F, at noon. I’he first of 



































THE ELECTEOCARDIOGEAPHIC EFFECTS OF INJUEY AT THE 
ENDOCAEDIAL SURFACE OP THE LEFT VENTRICLE 


Robert H. Bayley, l\r.D. 
Oklahoma City, Okla. 


F undamental postulates of modem electrocardiographic theory^-^^ may 
extended for the purpose of predicting the form of electrocardiograms which 
might be expected from a subject having acute necrosis of the subendocardial 
laminae of the wall of the left ventricle.^ On- the other liand, it is difficult to 
devise a practical experiment which will produce only a necrosis of these laminae 
without introducing factors which might complicate the interpretation of the as- 
sociated electrocardiograms. The following case represents the occurrence of 
such a lesion which led ultimately to the patient’s death. 


A Negro woman, 44 years of age, was admitted to the Charity Hospital at New Orleans 
on May 1, 1944, with the chief complaint of severe buining pain in the chest. She had had 
shortness of breath on^ exertion since 1941. Two weeks before admission she experienced 
an attack of substernal ,pain. which commenced shortly after dinner. The pain was attended 
by eructations, nausea,, and vomiting, and a sense of smothering. The pain lasted one hour 
and did not radiate. A similar attack occurred later the same evening. Moreover, the at- 
tacks continued to recur daily throughout the next two weeks until the day of admission, at 
which time the pain had become continuous. With each attack the pain was of increased 
intensity and duration. On the day before admission the patient had developed dull, aching 
epigastric pain. There was no history of chills, fever, cough, or edema. Two years before 
the onset of her present illness, she had complained of moderately severe headaches and had 
been told by her doctor that she had high blood pressure. 

Her temperature on admission was 94.4° P. The pulse rate was 140 per minute, and 
the respiratory rate was 20 per minute. Her physical development was good. She obviously 
was suffering from severe pain. No dyspnea was present and only one pillow was required 
for rest. The eye grounds showed tortuous arteries. No hemorrhages or exudates rvere 
present. The pupils were round, regular, and equal, and reacted to light and in accommoda- 
tion. The cardiac apex impulse was felt in the left midclawcular line, was somewhat dif- 
fuse, and was of moderately increased force. The rh 3 dhm was regular. The heart sounds 
were loud and the pulmonary second sound was louder than the aortic. There was a moder- 
ately loud (Grade III) sj-stolic murmur, with maximum intensity at the apex, which was 
transmitted throughout the left third and fourth intercostal spaces anteriorly. A high- 
pitched systolic squeak was also audible at the apex. The systolic blood pressure was 160, and 
the diastolic blood pressure was 105. The lung fields were clear. There were no additional 
noteworthy findings. 

The patient required repeated injections of morphine sulfate (0.016 Gm.), which at 
times failed to give temporary relief. On the second day of hospitalization a severe attack 
of pain commenced suddenlj-. During the attack the heart rate was 140 per minute and the 
blood pressure was 160/104 in the right arm and 120/90 in the left arm. Moreover, subse- 
quent observations showed rather unusual variations of blood pressure in one arm as com- 
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and that Healing had to pi’ogi'ess hy the slow processes of bacteriolysis, phago- 
cytosis, encapsulation, and regenerative repair. The therapeutic program 
should doubtless be improved in future cases of this sort. Perhaps larger 
doses of peiiici,llin .would,, have been better. We, now believe that the period 
of strict bed" rest in the early months of the illness was terminated too soon in 
this case. liowever, at the time, most of the physicians were inclined to accede 
to the wishes of the patient' and of his family, which are difficult to oppose 
Avhen dealing with a chronic disease Avith so many unknown features. 

The patient’s condition has been repoi-ted as excellent in July, 1945, some 
sixteen months after the last i^ositive blood culture Avas obtained (Feb. 28, 
1944), and about eight months after termination of treatment Avith penicillin 
and thiobismol. We believe that the disease may properly be regarded as in 
a state of arrest. Concerning possible .relapse no reliable opinion can be giAmn 
at the present time. On Mai-ch 1, 1946, the patient AA’-rote to us to report him- 
self in good condition. , 

SUMMARY ' ' 

1. A man, aged 39 years, Avith clinical evidence of mitral -endocarditis, 
complicated by right hemiplegia, aphasia and other signs of graA’-e intracranial 
injury, and multiple peripheral embolic lesions, has shoAvn so much improve-- 
menf that the disease is noAv in a state of arrest. 

2. Cultures of the blood yielded groAvth of an actinomyces. 

3. The therapeutic program included rest in bed, sodium salicylate for a 
period of ten days in July, intravenous and intramuscular injections of peni- 
cillin, and intraA’-enous injections of thiobismol and of citrated blood continued 
oA’-er a period of many months. 

4. The total amount of penicillin injected Avas 43,972,000 units during the 
period from Februaiy 26 to NoA'^ember 21, and the penicillin actually expended, 
including AAmste and ]o.ss in handling, amounted to 50,010,000 units. 

AVe are extremelj^ grateful to Charles Pfizer and Company, Inc., of Brooklyn, Ncav 
Y ork, Avho supplied the penicillin fro.m research allocations, under difficult conditions which 
■will be appreciated by those physicians who attempted to employ this agent earlj-^ in 1944. 
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being relatively fresh and associated ■with almost no cellular reaction. Here the fibers are 
pink-staining and granular, and the nuclei are pyknotic. 

'‘In other areas there are inflammatory cell infiltrations, in some cases consisting chiefly 
of polymorphonuclear leucocytes. In other places there are large vacuolated spaces nherc myo- 
cardial fibers are being dissolved by macrophages with swollen cytoplasms, as well as by poly- 
morphonuclear leucocytes. In still other areas, the process seems to have been completed and 
there are now present in the myocardium small scars consisting mostly of fibroblasts with 
relatively small amounts of collagen material, and rather numerous macrophages filled -with 
brown pigment. The medial coats of the medium-sized arteries are tliickened by hyaline 
material or by an increase in the smooth muscle. A similar change extends into some of the 
smaller arterioles where hyalinization of the medial coat seems to be present. Tlie large ves- 
sels contained in the section contain no thrombi. 

"Sections of the left ventricle taken from approximately the midportion of the anterior 
wall show the endocardial layer of fibrous tissue to be very thin, and almost immediately 
beneath the endothelial cells the myocardium is extensively vacuolated and shows numerous 
macrophages witli brown pigment in their eyfoplasm. In some areas, most of tlie muscle 
tissue has disappeared, leaving fibrous tissue filled with brown pigment; but in general there 
is a layer of damaged, but not necrotic, muscle tissue immediately beneath the endocardium. 
Superficial to tliis layer there is a zone of necrotic tissue which is deeply pink-staining and in 
which many of the nuclei are gone. There are scattered blue-staining zones similar to those 
seen in the lower portion of the left ventricle. These necrotic zones do not extend entirely 
through the muscle coat as they did in the section previously described. Tliey are limited to 
an area which lies closer to the endocardial than to the epicardial surface. In the layers of 
myocardium near the epicardial surface, there are small scarred areas extending about the 
blood vessels, and there is some separation of the muscle fibers from each other. In some 
areas there are a few polymorphonuclear leucocytes in the interstitial tissue, and in these 
regions isolated foci of muscle fibers are in the process of destruction. In general, however, 
the musculature seems preserved. The larger arteries show some thickening of their endothe- 
lial coats, and the change previously described is present, in the muscular coats. The ar- 
terioles in some areas show a slight thickening of their medias which is produced by hj-aline 
material. ’ ’ 

Cubes of ventricular muscle with cauterized or sterile surfaces were macerated and cul- 
tured. The cultures showed no bacterial growth. The remainder of the necropsy findings were 
negative, 

ELECTROC.\RDIOGRAMS 


The electrocardiograms (Fig. 1), which were taken on the first, fourth, sixth, and tenth 
hospital days, show marked sinus tachycardia and domiward displacement of the ES-T 
junction in limb Leads I and II and chest Lead RT. It is observed that, if the axis of 
injury is plotted on the triaxial reference system according to the rule which defines its direc- 
tion as that of a line drawn from the center of the left ventricle toward the center or centroid 
of the injured region, z a base-apex direction is determined wluch anticipates an upward dis- 
placement of the ES-T junctions in the limb leads similar to that of diffuse subepicardial 
injury of acute pericarditis. A diffuse injury of the subendocardial lamina is. however, the 
geometric inverse of that produced by acute pericarditis. Consequently, the effect of the 
former is an injury axds against-the-rule which has the direction of a line drawn from the 
center or centroid of the injured region toward the center of the involved ventricle. The 
mechanism involved has been referred to elsewhere^ as “injury-against-the-rule." The' effect 
of injury-against-the-rule is produced whenever injury- is greater at the endocardial than 
at the epicardial surface. 


T T 1 “ P'-oS'Ossi'e breakdown in the QBS 

f ° pronounced in I.ead II and in Lead I\’F. mule QES channe. 

of tins kmd are not necessaril.v indicative of, the, arc nsnallv evidence of, nrorp^olVc S 
of some regions of the ventricular wall. They arc, in point of fact, indicative of deetricll 
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pared with nearly pimultaneous Tccordings from the other. Daily comparisons revealed a 
systolic difference of 40 or 50 mm., the high value appearing sometimes in one arm and some- 
times in the other. Most of the remittent pain which occurred after hospitalization was con- 
iined to the epigastric region. On the sixth hospital day, gallop rhythm and a precordial 
friction rub w’ere detected. The temperature ranged from normal to 100° F. during the 
first week, after which it leveled off and remained normal. On the eleventh hospital day, 
the patient .suddenly lost consciousne.ss, developed ga.«ping respirations, and died within 
several minutes. 

Urinalyses were negative. The red blood cells were normal. Repeated leucocyte counts 
were normal. The sedimentation rate was abnormally increased on repeated occasions. The 
blood and spinal fluid Kline and Kolmer reactions for syphilis w’ere negative. A roentgeno- 
gram of the chest was normal. 

Post-mortem examination of the heart showed moderate hypertrophy and dilatation of 
the left ventricle. The inner half of the wall of the left ventricle (including the 
interventricular septum) presented a soft browmish yellow necrosis. In the apical region 
the wall was relatively thin and firm and of slight grayish color due to early fibrosis. Else- 
where in the walls of the left and right ventricles were scattered areas of necrosis which 
varied in size from a few millimeters to 1.5 to 2 cm. in diameter. These foci were most 
numerous at the endocardial .surface of the right ventricle. The endocardium proper, the 
valves, and the coronary arteries were intact. 

Microscopic Findings .* — 

‘'Sections from the right ventricle show the epicardial surface to be composed of loose 
connective tissue in which there are fat cells. Immediately beneath this layer the myocardial 
fibers are vacuolated, swollen, and pink-staining, and the nuclei are distorted. This muscle 
layer is not necrotic. Beneath this layer there is a varying picture which extends through- 
out the heart muscle. The pattern of this picture is irregular and does not seem to follow 
the distribution of any vascular supply. There are small areas where the muscle fibers are 
pink-staining and show pyknotic nuclei. These areas are interspersed with pale pink-staining 
zones where mu.scle fibers appear damaged but are not dead. In these areas, particularly in 
the former, there are zones where almost all of the muscle fibers have disappeared, and in 
their place are fibrous tissue stroma and macrophages. Some macrophages have distended 
cytoplasms with brown-staining granular material inside. A few polymorphonuclear leuco- 
cytes are present in these areas. 

“In other areas there are blue-staining zones in which muscle tissue, as welt as con- 
nective tissue stroma, has been disintegrated. In the blue zones, which are sharply circum- 
scribed, there are many pyknotic nuclei and what appear to be colonies of bacteria. These 
areas are surrounded by relatively .slight inflammatory cell reaction. At the periphery there 
are a few polymorphonuclear leucocytes, but the zone is not thick and the e.xudate is not 
marked. 

“The endocardial .surface is not well shown in the section, but where it does appear it 
shows alternating zones of necrotic and damaged muscle fibers e.xtending to the endocardial 
surface. 

“Sections of the left ventricle, taken from the lower portion of the anterior wall, show 
the endocardial .surface somewhat thickened by edematous connective tissue infiltrated by 
polymorphonuclear leucocytes and mononuclear cell.i. The endocardial surface, however, is 
not covered by a layer of fibrin or thrombus. Beneath this layer there is a zone where the 
mu.sclo tis.sue is vacuolated, the fibers are swollen, and the nuclei are distorted but not pyknotic. 
In some of the connective tissue septa which extend into this zone, there are infiltrations of 
polj-morphonuclear leucocytes, presumably along the adventitia of blood ve.s.sels. Beneath this 
layer and extending through the entire wall of the heart to involve the epicardial surface 
as well as the underhung tissue there is the same type of patchy, necrotic lesion that was 
seen in the right myocardium. The necrotic lesions seem to vary considerablj’ in age, some 

•I am indebted to Dr. Edward L. Bums, of the Patliologj- Department of the Loui.slana 
State I'niversity Medical School, for the mlcro.«copic flndinps. 
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malaise or leucoej’tosis. The lov'-grade fever and the inci'eascd sedimentation 
rate could he related directly to the myocardial necrosis. Certainly they are 
characteristic developments during the course of ordinary myocardial infarc- 
tion.' Indeed, if the electrocardiograms are not considered, tlie clinical picture 
is quite tj’pical of that of repeated attacks of angina pectoris culminating in 
acute mj'ocardial infarction, iloreover, the remarkable variations of blood 
pressure suggest a profound instability of the vasomotor system. On the other 
liand, the presence of essentially normal coronary arteries at post-mortem ex.am- 
ination is by no means an assurance of normal physiologic activity of these 
arteries before death. The distribution of necrosis of the ventricular muscle 
is of a location which might be expected to occur as a result of a generalized 
coronarA' arterial spasm; that is, Avith a maximum intensity of necrosis in the 
direction of arterial irrigation or tOAA'ard the apical and endocardial aspects of 
the ventricular Avails. For those AAdio hold that heart pain is an integral part of 
tension along the eoronaiy arterial Avails, a ease of the kind under discussion 
AA'ould seem to require a pathologic physiology of the A'-asomotor activity of the 
coronary arteries. On the other hand, sudden death AAdthout ]iain or Avarning 
of any sort has been emiihasized as a typical feature of diphtheritic myocardial 
necrosis. Studies on the intravenous action of pitressin. in Avhich 90 per cent of 
the coronary floAV is cut off by the drug, make it clear that a generalized coronary 
arterial shutdoAAm is a physiologic po.ssibility.^ Some such physiologic dis- 
turbance is presumed to occur in the brief, and at times fatal, attacks of angina 
pectoris in AA-hieh, often enough, the coronary arteries are essentially normal 
in morphologic structure. In such cases, a disturbed vasomotor activit.y is gen- 
erally as.sumed to be the ba.sis for the occurrence, at times, of fatal A^entricular 
fibrillation. The early adA^ent of death in such instances precludes the develop- 
ment of the morphologic changes of myocardial necrosis Avhich might otherwise 
indicate the distribution of A’entricular ischemia associated AA'ith the spastic 
coronary state. Electrocardiograms are seldom recorded during fatal attacks 
of angina pectoris. On the other hand, electrocardiograms AA-itli final A'-entricu- 
lar deflections AAliich are like in kind (Irat less in magnitude) as compared AAuth 
those recorded in the ease under discu.ssion, ai’e olitained from the majority of 
patients suffering from a spontaneous or induced attack of angina pectoris, and 
also from normal subjects,® AAliere they have been ascribed to generalized A^en- 
tiTcular ischemia. l\[odern theory dictates, hoAvever, that if a generalized A’^en- 
tricular ischemia Avere evervAvhere of uniform intensity there Avould be no as- 
sociated changes in the form of the final ventricular deflections. For this 
reason, the decrease in the magnitude of the ES-T junction displacement ob- 
served in the last two curves of Fig. 1 is ascribed to a more nearly uniform dis- 
tribution of injury (intense ischemia’'") at the epicardial and the endocardial 
surfaces of the A’-entricular Avails. 

From the standpoint of the electrocardiographic fundamentals, it is im- 
material AAdiat vicAv is taken as to the etiology of the myocardial necrosis in the 

♦Electrocarcliograpliic evidence of intense ischemia means that variety of RS-T junction 
displacement which is produced by a local gradient in intensity of polarization during diastole 
which temporarily reverses its direction during systole. 
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‘ ‘ Case 6 : Tlie fresh infarct was extensive and iiiA’olved the lateral portion 
of the left ventricle and extended somewhat posteriorly. This portion of the 
rayoeardinm bulged. The infarct involved most of the wall of the ventricle but 
spared the Purkin.ie fibers. . . .”“ 

In general, it should prove rather difficult to correlate the electrocardi- 
ographic effects of injury with the morphologic changes in the myocardium. It 
seems highly prchable that the three kinds of electrocardiographic changes 
(QES, ES-T, and T) which have gradually become recognized as characterLstic 
of myocardial damage are written by regions of the myocardium Avhich present 
a normal morphologic appearance,^ the one exception being permanent QES 
change.^’ However, a region of recent morphologic damage is likely to define, 
between itself and physiologically normal muscle, a boundary within which lies 
the zone of critical physiologic activity that accounts for an abnormal electrical 
effect. Finally, it seems that injury-against-the-rule may occur in connection 
AAntli: (1) the Avidesiu'ead myocardial necrosis of so-called isolated myocarditis, 
(2) acute myocardial infarction, iiresumably when the collateral circulation is 
poor, and (3) acute local A'entricular isfiiemia of angina pectoris. 

SUMAIARY 

1. A ease is pre,sented in which the distribution of myocardial necrosis is 
more extensive or intense at the endocardial surfaces and at the apex than at the 
epicardial surfaces of the ventricular muscle. 

2. The electrocardiographic effects jiroduccd are in accord with the concepts 
of modern electrocardiographic theory.’-’ The injury effects or ES-T junction 
displacements are the inverse of those Avhich occur in connection Avith acute 
diffu.se pericarditis. The mechanism has been de.scribed elseAA’here as injury- 
against-the-rule.'’ A uiii]mlar lead recorded Avith the ex])loring electrode placed 
superjacent to the injured region displays a doAvuAAurd displacement of the ES-T 
junction Avffien the intensity or extent of injury is greater at the endocardial, 
than at the epicardial, surface. 

3. The phenomenon of injury-against-the-rule is observed in connection Avith 
certain cases of so-called isolated myocarditis, accounts for certain atypical 
electrocardiograms obtained from subjects Avith acute myocardial infarction, 
and appears to be a common feature of curves i-ecorded from subjects under- 
going an attack of angina pectoris. 
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case iiiulia* discussion. A distril)ution of necrosis winch i.s more intense at the 
endocardial than at the epicardial aspects of the ventricular walls jiniduees an 
injury efiect against-! lie-rule. ’When a vector is dravai from the centi'r or 
centroid of the injured region toward the center of the involved ventricle, it 
has the direct ion- of a line which, when translated to the triaxial refei-ence sys- 
tem, defines the direction of the TJS-T junction displacements in all three of 
the liinl) leads of injury-ngainst-the-rule. A ju-eeordial lead taken with the 
e.xploring electrode su]>erjacent to an injured region of the kind under discussion 
will display a downward displacement of the TIS-T junction. In connection 
with the a])])licalion of these iiostulates to the interpretation of RS-T junction 
displacements which occur early during the coui’se of myocardial infarction, the 
following excerpts are (juoted fi'om the author's correspondence with Dr. Tlarold 
Foil : 

To Br. Foil on IMay 24, 1944: “In the article" dealing with infar<*tion of 
the lateral wall of the ventricle there are tw(» cases (8 and 6) in which the injury 
shift is striking, particularly in Lead IVF. AVhen the ILS-T junction displace- 
ments of the limh leads arc jilotted on tiic tnaxia! reference .system, they arc 
found to be against, rather than with, the rule, that is. the vector which charac- 
terizes their efi'ect is nearly the exact invei’se of a directed line drawn fi'om the 
center of the left ventricle toward the centroid of the damaged region, and 
Lead IVF in the.se cases further .sup])orts the idea that the net damage of the 
involved region is greater at the endocardial, than at the epicar<lial, surface. 

“. . . The .subendocardial arterial plexus of (tross’" is a])parently a nuich 
moi'e imjjortant factor in sustaining the subendocardial lamina of a iTgion 
robbed of its natural blwid sui)])ly than is imbibition or reversal of flow tii rough 
thebesian veins. If this opitiion is acce)>ted. it may be observed further that 
survival of the .subendocardial lamina (umlcr an infarct) which account.*? for 
inj\iry-with-thc-ruh‘, »lepeiHls larg<‘ly uixm an adeipiatc cnllatend circulation at 
the time ()f the attack of inf.-irction. ^lorcovcr, if an adcipnite collateral circu- 
lation i.s not iivailable. the subendocardial lamina must, it seems, tindergo 
neerosis along with the superjacent muscle, and (he net result is a greater dam- 
age of the local siibt-ndocardial. than of the local subepicardial, Inniittac. In 
the event of a generalized <‘oronary artery siuism, the plexus of fJross caiifiot 
operate effectively and the eh‘c{rocardiographic j>attern of injury-against-thc- 
riile occurs as deplctetl in ytmr aiiicle’* of 192S, 

“I am anxious to ktmw if the siibcndocar*iial lamina rtf the damag<»i regirtn 
in (’asvs o and 6 .survived. It may be ]tossible for you to givr' me iiiJormation 
on tin- pat holfrgieal materia! in ilu'.se two cases-. The anal.v.sis dcrnamls that tin- 
hiiubm in (niestion <lid not survive. ]>restimab!y because the ph xtis rtf firrtss did 
not functinn.”’- 

From Dr. Feil Om. I.s, 1944: “On h^tking rwer tlm pathological maP-rial 

rtf this , -5 and 6. I have the following !<« ivport : 

“t'a.ST Sections “f the inytHsu-dtum revealed that th** infan-t iru'olved 

the -.uhf mlo-'anlial mn-eii . The infarct dhi inA r-xtcnd througi! to the r-pi- 
r’aisJium. . . . 



ELECTROCARDIOGfEAPHIC CHANGES IN ACUTE 
GLOMERULONEPHRITIS 


John S. LaDue, M.D., and Richard Ashman, Ph.D. 

New Orleans, La. 

INTRODUCTION 

I N 1789, GoodliarU reported that cardiac enlargement was not an infrequent 
complication of acute glomerulonephritis. Subsequent studies have noted the 
occurrence of congestive heart failure in from 17 to 71 per cent of patients with 
acute glomerulonephritis.^'® Concomitantly, electrocardiographic abnormalities 
have been encountered in 60 to 100 per cent of the groups of patients studied.®'^® 
Various empirical abnormalities Avere observed in 43 per cent of our patients 
with acute glomerulonephritis. We previously reported that six of tivelve pa- 
tients vdth congestive heart failure showed clockwise rotation of the ventricular 
gradient suggesting that the myocardium of the left ventricle was acting as if it 
were ischemic.^® 

The present study represents an analysis of the electrocardiograms of 101 
patients with acute glomerulonephritis. Prom the electrocardiograms, the 
electrical axis, the anatomic axis, the ventricular gradient, and the Q-T inter- 
val were computed, and the results were correlated statistically ivith the clin- 
ical findings in so far as possible. 

In 90 of the 101 patients, a detailed analysis of the clinical and electro- 
cardiographic findings Avas made. Half of the patients AA’-ere white and half 
AA'ere Negroes ; 61 ]ier cent AA^ere men, and 39 per cent AA^ere Avomen. Eighty-tAAm 
per cent of the patients AA’^ere 14 years of age or younger; the youngest Avas three 
months of age and the oldest AA'-as 34 years. A histoiy of an upper respiratory 
infection preceding the date of onset of symptoms AA^as obtained in 70 per cent 
of the patients. The only criterion applied in the selection of the patients for 
study Avas that one or more electrocardiograms had been taken. An average of 
.1.9 electrocardiograms AA^ere taken for each patient. Lead CP^ was made in 96 
of the 101 patients. In vieAA" of the fact that proper analysis of the relationships 
betAA’^eeii the T Avave and the QRS complex cannot be made AAuthout consideration 
of the ventricular gradient of Wilson, the analysis that aaoII be described has been 
carried out. The method of the analysis is described in the appendix. 

the electrocardiographic changes in acute glomerulonephritis 

Deviation of G . — The total series of 101 electrocardiograms in patients Avith 
acute glomerulonephritis Avas separated into three groups: (1) those showing 
an abnormal deviation of the gradient; (2) those which by every test were 
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Table II. The Xorhal Direction op the Ventricular Gradient op Supine Persons in 
Keuation to the Direction op the Anatomic Axis and the Magnitude, Aqrs 
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differenee between tbe means. Tlie ineln.sion of a few adults in this series eonld 
hardly liave modified the results. 

The Magniiudc of the Mc(m Manifest QRS Axis. — In the .series of 78 nor- 
mal children, Aqus (see Appendix) was 4.12 ± 0.15 unit; in the whole series 
of 101 patients with nephritis, the value was 2.46 ± 0.13 unit. In this ca.se the 
difference from the normal scries is highly significant statistically. The in- 
clusion of the adults with nephritis should lessen and not exaggerate the dif- 
ference. A(ji{s was smaller in Group 1 than in Group 2, hut the difference was 
not certainly significant. The reason for the I’eduction in the net QRS areas 
in these patients is uncertain. In part, it may he associated with edema. It 
may also he due to a change in cardiac position, so that SAqks had a more back- 
ward direction in the thorax ; or it may he associated with the cardiac dilatation. 

The Magnitude of the Ventricular Gradient. — In the electrocardiograph- 
ically normal Groipi 2, G was 9.17 ± 0.31 unit. This is smallei’ than the normal 
children’s mean of 11.60 ± 0.28 unit, and the difference is significant. The per- 
centage decrease from the normal in this group, both in Aqrs and in G is almost 
the same; this suggests that the decreases are, at least in large part, brought 
about by the same factors. The standard deviation is 3.36 ± 0.22 unit. In 
Group 1, G was equally reduced, hut the range is so great that nothing significant 
is to he learned from the figures. 

The Direction of the Mean QRS Axis. — Both in the normal and in this series 
a single Aqrs was omitted because its direction lay far outside the usual range. 
The average direction of the mean QRS axis (Aqrs) in the normal series was 
+61.10 ± 1.58°; the standard deviation was 20.50 ± 1.12°. The range, at three 
standard deviations, is -0.4° to +128.1°. In the total nephritic group, the mean 
is not significantly different, though the standard deviation is greater. The 
difference in the .standard deviations can hardly he regarded as significant, al- 
though occasional deviation of the QRS to the right in the nephritic patients 
is suggested. 
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Differences between the two groups were insignificant \\dtli regard to edema, 
weight loss, blood urea, size of the liver, pulmonary congestion, and the levels 
of the venous pressure and circulation time. 

By the chi-square test the odds were six to one that the blood pressure would 
be higher among those patients with riglitward deviation of (x than among those 
patients showing no electrocardiographic abnormalities. 

Teleroentgenograms were obtained in 26 of tlie patients with normal Gt 
and in 22 of those with rightward deviations. Cardiac enlargement was demon- 
strated in 17 of the former and 21 of tlie latter. The probabilitj^ that cardiac 
enlargement was more frequent in patients with an abnonnal & was 90 :1. If 
we include in the analj’^sis those patients showing clinical evidence of cardiac 
enlargement we find that 24 of 50 patients with a normal G and 37 of 40 patients 
with rightward deviation of G had some evidence of enlargement of the heart. 
Chi for these data was 4.55 indicating that the probability that the differences 
between the two groups could be due to chance was but one in 300,000 plus. 
Thus 67 per cent of the 90 patients Avith acute glomerulonephritis shoAved 
clinical (25 per cent) or roentgenologic (42 per cent) evidence of cardiac en- 
largement, but this evidence aa^ts present in 92.5 per cent of tliose patients A\dth 
rightAvard deA’iation of & and in only 48 per cent of those Avith normal G’s. 
We belieA^e that tliese differences are statistically highly significant and suggest 
that cardiac dilatation may account, in part at least, for the electrocardiographic 
abnormalities in G. 

■ Empirical Abnormalities Observed in the Electrocardiogramis. — In Table I 
are listed the number and kind of empirical abnonnalities detected in the electro- 
cardiograms secured from our 101 patients. A diphasic or negative T^ AAms seen 
24 times, a diphasic or negative T^ Avas seen 23 times, a relatively Ioav T^ aa^s 
seen 20 times, and Ioav T AvaA’^es in all limb leads Avere seen fiAm times. Only 
rarely AA-^as T 4 abnormal in the absence of other electrocardiographic changes. 
These are the most frequent deAuations from normal reported in the litera- 
ture.®'^-'’ Three patients had a iiegatiA^e To in addition to a negative T^. The 
P-R interAml Avas at the upper limit of normal three times and definitely pro- 
longed but once according to the normal limits for age and heart rate established 
by Ashman and IIull.^° A higher incidence of P-Avave and P-R abnormalities 
haA^e been reported by Master^*’’ “ and Williams.^-’’ An abnormally negative To 
or T 3 Avas seen only once and significantly great QRS changes (AAudening. 
slurring, or notching), suggesting an intraventricular conduction defect, but 
once. QRS changas suggesting left or right A^entricular hjqDertrophy AA^ere seen 
tAvice, each type being represented once. Sinus tachycardia Avas noted in 17 
eases and sinus bradycardia Avas noted in eight, but no other abnormalities in 
rhythm ‘Avere encountered. Sinus arrhythmia was often present. A partial 
and intermittent right bundle branch block Avas seen once. Prominent U Avaves 
Avere observed in eight tracings. 

COMMENT 

Langendorf and PiclP^ and Rubin and Rapoport" emphasize the fre- 
quency of a Ioav or negative T^ associated Avith reciprocal increase in the voltage 



688 


AMERICAN HEART JOURNAL 


The Beluiionship Beiween Heart Rate and the Magnitude of the Gh'adient.— 
The magnitude of the gradient, G, varies inversely as the heart rate and directly 
with the magnitude, Aqus. Before correcting for the latter factor, the abnormal 
series (Group 2) showed a fair correlation between heart rate and G. The co- 
efficient was 0.493 ± 0.112, which is just significant. In the elcetrocardiograph- 
ieall.y normal Group 1, however, no significant correlation was found. After 
correcting rate and Aqus for age, Group 1 was unchanged, whereas the co- 
efficient in Group 2 became 0.433 ± 0.100, which is very probably significant. 
Tlie total of these groups, after ad.iustment, gave a coefficient of 6.471 ± 0.075, 
which is cpiite significant. It is of theoretical interest that the response of the 
gradient to rate changes in glomerulonephritis, when the electrocardiogram is 
abnomal. is like that in the normal heart. 

The Q-T Interval.' — Tlie duration of the Q-T interval was expressed in 
terms of the constant, K, in the empirical fonnula : Q-T == K log [10 (c + 0.07) ], 
in which c is the cycle length and in which 0.07 is also a constant.-' In 
Group 2, which exhibited gradient changes, the mean value of K was 0.419 ± 
0.0029, and the standard deviation Avas 0.0273 ± 0.0021. In Group 1, the mean 
value of IC was 0.399 ± 0.0022, and the standard deviation was 0.0235 ± 0.0015. 
In contrast, the mean K in the normal children was 0.393 ± 0.0011, and the 
standard deviation was 0.0134 ± 0.00075. The much larger standard deviation 
reflects the much greater range in Q-T interval duration in patients with 
glomerulonephritis than in the normal persons. The earlier report found a 
mean K value of 0.375 in children. The significantly greater mean in the pres- 
ent series of normal children probably reflects, in part, a present tendency to 
estimate these intervals as longer, and our later measurements of adults are in 
close agreement with Shipley and Hallaran.^®'^ If we place the upper limit of 
the normal Q-T at 2.58 standard deviations, then none of the normal series of 
children exceeds this figure; whereas it is exceeded by 14 of the nephritic pa- 
tients in Group 1, and by three ])atients in Group 2. Two of the three latter 
patients had gradient deviations at 10° to the right. Upon return of the blood 
pressure and electrocardiogram to nomal, the Q-T interval became shorter in 
the great majority of cases in which the later electrocardiogram was taken. 

CORRELATIONS BETWEEN THE CLINIC/VL AND ELECTROCARDIOGRAPHIC FINDINGS 

For analysis the patients ivere divided into tivo groups according to the 
deviation from normal of the ventricular gradient. In only 90 patients Avere 
both the clinical findings and the electrocardiogram available. In 50 patients 
the ventricular gradient Avas Avithin normal limits and in 40, G was deAuated 12° 
or more to the right (cloclcAvise). Chi-square Avas calculated for the tAVo groups 
in an attempt to correlate electrocardiographic changes AA’ith abnormalities ob- 
served in the blood pressure, the degree of edema, the amount of Aveight loss, the 
presence of clinical or roentgenogi’aphic CAddence of cardiac enlargement, the 
level of the blood urea, and, in a fcAv instances, for the values of the venous 
pressure or circulation time.! 

‘Since the timeis of the electrocai diographs had not recently ti^n checked, the dis- 
crepancy may have been due to this. Too rapid a timer will make the Q-T appear to be longer. 
This does not affect our conclusion. 

tHypertension was found to be present at some time in 86 of the 90 patients studied and 
abnormal urinary findings were, of course, present in all of the patients. 
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plain the absence of such cases in our series. It is possible that if pre-existing 
coronary disease is present, the predominant effects of an ischemic type of in- 
Yolvement will effect the part of the muscle supplied by the affected vessel. 

The signs of left-sided failure are considered to be more frequent than those 
of right-sided failure, and when the latter is present there is usually evidence 
of concomitant left-sided failure. With cardiac dilatation, rightward deviation 
of Gr is more commonly encountered, and this can be interpreted physiologicalh' 
by stating that part of the myocardium of the free Avail of the left ventricle is 
acting as if it AA’ere ischemic. 

It has been reported by others that it was not uncommon for the electro- 
cardiogram to be normal during the acute phase of acute glomerulonephritis and 
for changes to appear in the traeiiig Avhen clinical impiwement had become 
evident and the blood pressure Avas approaching normal. The importance of 
dilatation of the heart in the production of the electrocardiographic abnor- 
malities can be evaluated only by tlie taking of serial tracings and teleroentgeno- 
grams. HoAvever. the correlation observed betAA’-een the electrocardiographic 
changes and the presence or absence of cardiac dilatation suggests that the 
degree and diu-ation of the increase in heai-t size bear an important relation 
to the abnormalities observed in the electrocardiogram of the patient AAhth acute 
glomerulonephritis. 

In almost every instance AAdiere frequent serial tracings AA'ere taken over a 
period of three days to three months, the abnormal electrocardiograms reverted 
to normal. HoAA^ever, changes in the electrocardiogram sometimes persisted for 
days after the patient AA'as clinically aa'cII, a fact Ave cannot explain AAuth the data 
at hand, but AAdiich is analogous to persistent T-AA^ave changes Avhich have been 
seen after the termination of a paroxy.sm of tachycardia. 

Pidliogenesis of the Gradient CJmnges . — It is likely that a combination of 
hypertension of rapid onset and cardiac dilatation produces the gradient changes 
observed in acute glomerulonephritis. When the hyiiertension is chronic, as in 
essential hypertension, the gradient is not usually deA’iated, and the following 
figures may be of interest. In 47 cases of hyperpiesia. in which the electro- 
cardiogram reA’'ealed no clear eAudenee of left ventricular h3q3ertrophy, the gra- 
dient AAms AAdthin the normal range in 40, cleA’iated abnormallA* to the right in 
four, and deA'iated abnormalh- to the left in three eases. In another group of 
96 patients AAdiose electrocardiograms shoAA^ed clear evidence of left A’^entricular 
h^TDertrophj^, the gradient AA\as not deviated in 64; it AA^as deAuated abnormally 
to the right in 11 and to the left in 11 cases. In tAAm cases there AA'as moderate, 
doubtfulh’ abnormal, deviation to the right. Moderate, doubtfulW abnormal, 
deAuation to the left AA’^as seen in eight cases. These findings agree AAuth the 
results of an earlier cursory examination of the electrocardiogram in hj'per- 
tension. It can, therefore, be said AAuth confidence that liAqAerpiesia does not 
characteristiealty deviate the gradient to the right. When deviation to the 
right or left Avas observed, it Avas often in association AA'ith T-Avave changes sug- 
gesting mAmcardial ischemia. Electrocardiograms suggesting infarction AA^ere 
not included. One fact must be stressed, namely, that secondary inversion of 
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of T... Tliis WJIS the most consist eiil change ol)servecI in tin's study and is re- 
floeled in the deviation of the gradient to the right. Since the' ventricular 
gradient represents tlie net, electrical effect produced hy differences in the time 
course of repolarization, ])ro.ieeted onto the frontal plane, and since rightward 
deviation of 0 was the most consistent change observed (44 per cent of patients), 
we feel that abnormality ol the gradient is the most reliable electrocardiographic 
sign seen in acute glomerulonephritis. Furthermore a clockwise rotation of G 
suggests a delay in reimlarization of at least a part of the free wall of the left 
ventricle similar to that produced by tem])orary ischemia of the left ventricle 
of the dog's heart 

Various theories have been advanced to explain the clianges in the electro- 
cardiogram observed in acute glomerulonejdiritis. These include injury or 
.si)asm of the coronai’y ve.ssoIs, edema of the heart muscle due to retention of 
fluid, accumulation of Tuelaholic end products due to abnormalities in kidney 
function, and -toxemia. IMicroscopic abnormalities are but rarely seen in the 
hearts of patients who have succumbed to acute glomerulonephritis.-"*-'’ Aside 
from cardiac dilatation, the necrop.sy findings give little hint of the factors 
responsible for the observed abnormalities in the electrocardiogram. 

'J’Jie Came of ihc Gradient Changes . — Conflicting reports”"’''’' on the correla- 
tion of electrocardiographic findings with the occurrence of hypertension, con- 
gestive heart failure, or renal dysfunction have appeared in the literature. "We 
failed to find any significant relation.shi]> between electrocardiogra])hic changes 
and the individual manifestations of heart failure with the exception of the size 
of the heart. In 92.5 per cent of the patients with clockwise rotation of G-. 
there was evidence of cardiac enlargement while only 48 per cent of those pa- 
tients with no deviation of G showed an increase in the size of the heart. As 
we have already said, the probability that these arc chance differences is but 1 
in about 300,000. Possibly the duration of the cardiac dilatation was a factor 
in the production of the elect I'ocardiographic abnormalities, but repeated tele- 
roentgenograms were not made frequently enough for us to check this theory. 

There is general agreement tl\at the heart failure in acute glomerulonephri- 
tis is accentuated if not caused by the sudden and temporarib* continuous eleva- 
tion of the blood pressure. One of us’" has demonstrated that a drop in the blood 
pressure of patients with acute glomerulonephritis usually precedes the disap- 
peai'ance of the symptoms and signs of congestive heart failure unless digitalis 
has been administei'cd. Langendorf and Pick’^ have suggested that the nega- 
tive Ti and slight S-T^ depression could be explained upon the basis of dilata- 
tion of the left ventricle due to the effect of a sudden sustained elevation of the 
blood pressure on an impaired myocardium. With dilatation of the right 
ventricle, similar changes might be expected in Leads II and III. Reports of 
the occurrence of both right and left heart failure in patients with acute 
glomerular nephritis have been published, but, among our 90 patients, changes 
in Leads II and III suggesting right ventricular ischemia were seen doubtfully 
only once. Others have published electrocardiograms presenting apparently 
unambiguous evidence of mjmeardial change in the region of distribution of the 
right coronary artery, always in patients over 30 years of age. We cannot ex- 
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1 ■ I'—Patient L. B., female, aged 7 years. Leads 1, II. III. and CP 4 from nhnvo 

downwtu'd. Blood pressure, lSO/130. This is a fairly typical electrocardiogram of the patients 
in our Group 3. There is marked rightward deviation of the gradient. Cvcle length chamres 

association with respiratory movements. Note the relationship between 

. _ , ... _ ^ ^ 

normal 

heart position. ” *' lespiratory variation in 





. 2.— -Patient G. W., male, aged 2 vears. 

m from above, downward. 

RS^T sLmente'^Ldfi>h^ The patient was not digitalized. The marked “depress'ion^'of the 

dominanf damae-e nf precordial lead) is interpreted to mean pre- 

uormnant damage of the endocardial left A'entricular muscular laminae. 


This patient is in Group 3, and did not 
Be 9 ause of the extreme abnormalities, the 
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the T Avave in Lead I in hyperlension does not nsuallj’’ mean deviation of the 
gradient’s direction. In fact, this may occur even Avhen the deviation of G is 
to the left. 

The electrocardiograms in a dozen ea.ses of hypertension in toxemia of preg- 
nancy Avere examined in connection Avith our present study. In none of these 
Avas the gradient doAualed. ObserA’ation of large numbers of such cases demon- 
strates tliat rigiitAvard deA’iation of Ot is uncommon among iliem. We do not 
knoAv AA'lietlier or not cardiac dilatation of tlie degree seen in glomerulonephritis 
is commonly observed in the toxemias of pregnancA’- nor hoAv rapidlj" tlie dilata- 
tion appears. 

In connection AA’ith the correlation betAA'ecn cardiac dilatation and gradient 
chang'c.s, the question must be ashed : IIoav are these two phenomena related ? 
It may be recalled that in 1927, Visscher and Starling'® found that the oxygen 
consumption of the A^entrieular muscle Avas directly proportional to the diastolic 
volume. ' The increased oxygon consumption, of course, is due to an increased 
metabolic breahdoAvn during systole. In glomemlonephritis the left Amntricle, 
and possibly the right as avcH, is dilated. This means that the oxj'gen consump- 
tion and metabolic change, are greater than in the normal musele. The left 
A’ontricle, being opposed by a greater periiiheral resistance, may be more immlA^ed 
than the right. When the demand for oxygen begins to exceed the supply, fa- 
tigue of the musele ensues as a result of the accumulation of metabolites. The 
coronar}* arteries may share in the genei-al arteriolar constriction. By a similar 
mechanism, myocardial ischemia also induces fatigue and similar electrocardi- 
ographic changes.®® Since the subendocardial muscle laminae may obtain oxygen 
directly or indirectly from the ventricular cavities, they seem to suffer less than 
the subepicardial laminae. Hence, it is the subepicardial muscle laj-ers of the 
free AA’all of the left A^entriele A\diich suffer most. The preeordial leads, hoAA'ever, 
suggest that not all parts of the free AA'all are equally affected, but aa'c do not have 
the data necessary to enable us to localize definitely the most commonly af- 
fected regions. 

According to this interpretation, the sIoav repolarization both in myocardial 
ischemia ,and in glomerulonephritis is associated in some AAny Aidth the chemical 
changes of local myocardial fatigue. In both conditions, the Q-T interi^al is pro- 
longed. 

Othe7' Parallels Behueen the Elect rocardiograjBiic Changes in Ischemia and 
in Acute Glomerjilonephritis. — It has just been noted that the Q-T interval is 
prolonged on the average in Group 1. Another resemblance betAveen myocardial 
ischemia and acute glomerulonephritis is in the form of the T Avaves, Avhieh are 
the same in both conditions, although the very large, abnormal, T Avaves some- 
times found in ischemia are not often seen in nephritis. 

In myocardial ischemia, Avhen abrupt changes in cardiac cycle length occur, 
as in premature beats, the T AAmA'e is usually more abnormal in apiiearance after 
the longer pauses.®®’ This same type of change AA’as obsei’A'ed in seA^ei al of oui 
cases in association AA’itli the cycle-length changes of sinus arrhythmia and is 
illustrated in Fig. 1. 
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axis of the ventricles, called SH, a small net area of QES in the normal heart implies rota- 
tion such that the base is farther forward, or the apex farther backward than usual. A large 
-^Qiis implies the reverse. Clockwise or counterclockwise rotation of the ventricles about SH 
as an axis, the apex being viewed, may change the magnitude, Aqrs, and causes great changes 
in the form of the QES complex.-Ji. 42 

The spatial T-wave axis xmints from those parts of the muscle which become repolarized 
latest to those which are repolarized earliest. Clearly, however, the relative timing of com- 
pletion of repolarization in any fiber membrane will depend not only upon the rate of its 
repolarization but also upon the timing of its depolarization, A change in the form or width 
of the QES complex, as in hypertrophy of a ventricle or in bundle branch block, mil change 
the relative times at which fiber depolarization occurs and will necessarily influence the rela- 
tive timing of eacli stage in repolarization. Hence, invariably, if the muscle is normal and 
no great change in cycle length or heart movement in systole occurs, a change in the mag- 
nitude of Aqjts ip associated with an equal and opposite change in the magnitude of the T 
wave. Not oiilj' is the T wave affecled by .such QES changes which may occur in one indi- 
vidual, but it is also modified by the individual difi’erences in the QES complexes of difiierent 
persons. For every normal form of tlie QES complex and the magnitude, Aqns, there is a dif- 
ferent normal range in form, direction, and magnitude of the T wave. In some normal, though 
unusually placed hearts, an inverted T wave is normal in Lead I, and a typically large, normal 
appearing T wave is quite abnormal. In other, less unusual cases, an upright T wave in Lead 
III must be regarded as abnormal. Once the effect on the electrocardiogram of positional 
variation is understood on a theoretical basis, these facts are quite easy to grasp. Empirical 
observation on the other hand may, indeed, teach the normal ranges, but only after many years 
of experience and close attention to the subject. 

As we have seen, the T wave, which is due to repolarization, is affected by heart position 
and by the normal variations in Aq,js. It .‘-■hould be clear, therefore, that for the study of 
many problems it is desirable to have a method of measuring the electrical effect of the 
differences in time course of repolarization of the different muscle elements. This is the 
effect, which, in general, produces the usual upright T waves of Leads I and II. The method 
has been provided by Wilson and his co-workers; and the net electrical effect of the difference 
in time course of different elements, as this is projected onto the frontal plane, he has called 
the ventricular gradienf .•'5" As he and also Bayley“0-'^4 have pointed out, the net area of the 
total ventricular complex, QES-T, in any limb lead is equal to the projection of the gradient, 
G, onto the line of that lead. Like other axes, G is the projection onto the frontal plane of a 
.spatial axis, SG. Unlike Agns, the magnitude of the gradient, G, is affected by a number of 
physiologic changes, and especially by heart rate. The spatial direction of RG, of course, also 
affects the magjiitude of the projected gradient, G. 

The axis of the T wave has a wide range of variation in direction in different normal 
hearts and in the same heart at different heart rates. G has a smaller directional range. The 
average direction is about +40 to -+4.5°,43 with the extremes ranging from about -15 or -20° 
to -i-90°. However, when the direction of the gi-adient is compared with its average direction 
for each intrathoracic heart position of rotation about longitudinal, transverse, and antero- 
posterior axes, its actual direction, in the slowly beating hearts of recumbent (and most 
seated) persons ranges only from 23° to the left to 15° to the right of this estimated direc- 
tion. If the heart rate is greater than 50 or (50 beats jrer minute, the range to the left, but 
not to the right, must be extended 4.5° for every increment in rate of 30 beats per minute.43 
The range here given is placed at three standard de\datious from the mean found in a series 
of 242 normal 3 jersons, including 78 children and 24 persons over 50 years old. Hence 
only one normal person in about 400 should have a gradient outside this range, with the 
following exception. If Agns is of average magnitude, that is, about 5.5 or 6 units, 
or above, the range can be narrowed 3° on the right.+s If Aqhs is very small (2 units 
or less) the range should be widened by 4° or 5° at either end. These .'Statements hold 
when the anatomic axis of the heart, H (the ‘‘projection" of SH onto the frontal plane or 
A-P x-ray film) is esiimated from the QHS complex of the electrocardiogram itself. When H 
is measured on the roentgenogi-am, the range is not appreciably narrowed.43 These state- 
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In myocardial isciiemia, as tlie degree of oxygen lack increases, the in- 
tensity of polarization of certain cell membranes decreases, and the ischemic 
condition has then passed over into the stage Bayley lias defined as injuryd® 
In a few of onr cases, the injury, by this definition, had apparently begun. 
Fig. 2 is an illustration of a sevei-e case. The patient did not survive. 

In no significant, respect did the T-wave changes found in Ctroup 1 differ 
from file changes obseiwed in myocardial ischemia. 

The Precoi'‘dial T Wave in GlomcrnioneplinHs . — In normal children, at 
least those below tlie age of 10 or 11 jmars, the T wave is usually inverted in 
Lead CF„ and upright in Lead CFg. Tliere was no exception to this finding 
among 12 cases chosen for tliis purjio.se. In children the T wave in CF^ is usu- 
ally upright, but sometimes it is inverted. In 24 cases among those of Group 1, 
the T wave, even though recorded from a point on the thorax over the left 
ventricle, as judged from the form of the QKS complex (corrected for the left 
leg potential), was inverted, low, or diphasic. In certain other eases, however, 
although the T wave was inverted in Lead I, it was upright at OF., after cor- 
rection for the foot potential. This is one indication of the truth of a state- 
ment made elsewhere in this paper, namely, that the whole free left ventricular 
wall is not equally afteeted in the nephritic patients of Group 1. 

It was expected that, unlike the normal, the T wave at CF, or CFg would 
often or usually be upright when the T was iiiverted in Lead I. Unfortunately, 
in only two such cases was the electrode placed definitely over the right ventricle. 
In one of these, the T was upright; in the other case it was inverted. 


APPENDIX 

The Electrocardiogram: Theoretical Considcrationfs . — As in otiicr branches of medieal 
diagnosis, as electrocardiography has become less empirical and more quantitative, it has been 
found possible to define more precisely the boundary between the normal and the abnormal. 
With respect to the ventricular complex. QKS-T, the electrical effects of two processes are de- 
termined. These are depolarization of the muscle, which leads to production of the QES 
comjdex, and repolarization, ^vhicli produces the T wave. As ivrojected onto the frontal plane 
of the body, these processes ijroduce complexes of a wide variety of normal form and mag- 
nitude, for much the same reason that a person’s shadow at mid-day differs greatly from that 
just before sunset. The electrical axes, found from the limb leads, whether mean or in- 
stantaneous, are the projections onto the frontal plane of spatial axes. The projected mag- 
nitudes may be large or small depending upon whether the spatial axes nearly parallel the 
frontal plane or are nearly perpendicular to it. In their directions in relation to the mass of 
ventricular muscle these axes are relatively constant in different hearts. However, since the 
hearts of different persons exhibit a wide range of position within the thorax, so do the 
projected directions and magnitudes of the axes shoxv a gr eat range. 

The mean manifest QES axis, hereinafter called Aqus, is defined in direction in terms 
of the angle alpha of Einthoven, and in magnitude in microvolt-seconds. The area of a small 
rectangle formed by the time and millimeter linos, with the usual timing and standardiza- 
tion, is 4 microvolt-seconds. From the net area of the QES complex, above (-t-) or below (-) 
the base line of the electrocardiogram in any two limb leads, the direction and manifest 
magnitude (to be called Aqks) of the mean manifest QES complex can be found by methods 
previously outlined.3r-.3» Eotation of the ventricles about a transverse axis will cause great 
variations in this net magnitude, Aqns, which may normally range from -2 to +13 units of 4 
microvolt-seconds each.^o When the heart is not rotated about the longitudinal anatomic 
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ments may not apply to children under 5 or 6 years old, although 19 normal children betn^een 
tlie ages of 2 and 5 years, inclusive, came within the range as given. 

It should be emphasized that, in tlie study of certain types of electrocardiographic prob- 
lems, the semiquantitative approach herein described is essential. We have found a number 
of electrocardiograms which, empiricallj', would be called either normal or doubtful, but which 
are clearly abnormal when subjected' to brief analysis. On the other hand, we have in the 
past called certain electrocardiograms abnormal Avhich, on re-examination by the gradient 
method, have proved to be within normal limits. The electrocardiogram of Fig. 3 was in- 
terpreted as within normal limits. Yet the gradient is deviated by 13 degrees from its es- 
timated normal direction. Fig. 4 shows another example. This case was recent, and the 
gradient deviation was recognized. After the blood pressure had fallen, the normal electro- 
cardiogram of Fig. 5 was taken from the same patient. 



patient, as in Figr. 4., The blood pressure had fallen to 12.j/70. Leads as 
before, aqks is -f20‘’ ; Aqrs is 3.o units. G is +22” (versus 57” in Fig-. 4) ; G is 11.9 units. The 
increase in G since the earlier electrocardiopram is mainly in association \sdth the increase in 
usual finding. A was estimated at +32”. The estimated normal position of G -nms +28”. 
ine (» diversion of G to the left of its estimated position is quite normal. The 'U -waves are 
less prominent than in Fig. 4. (Artifacts appear in Leads II and CF^.) 


Method of Estimating the Direction of the Anatomic Axia, Jfi:.— The best method is to 
sketch the general form of the QES loop of the vectorcardiogram from inspection of the limb 
lead QES complexes, 44-46 and use a model of the spatial loop, which also has indicated 
upon it the axes, SAqrs, S6, and Sfl: (Fig. 6). As a poor substitute for tliis method, the 
diagrams of Figs. 7, 8, and 9 are presented. These are not absolutely accurate, and an er- 
ror of 5 or 10° in estimating It may sometimes be involved in using them; but since an error 
of tliis magnitude in the estimated it introduces only half the error into the estimated G, 
they can be used, with extension of the range of normal by about 2° in either direction. Ex- 
planations of Figs. 7, 8, and 9 are given in the legend. 

The axes, Aqks and G, are obtained by measuring the electrocardiogram, as previously 
e.xplained.3s. 3.0 Having found these axes, refer to Table II. For example, Ag„s may be + 70° 
and Its magnitude may be 5 units. G may be +55°. fl has been estimated, by the method of 
Fig. 6, as +40°. The angle between H and Aqrs is, therefore, 30°. This figure is found in 
tlie column on the left (Table II). Above, in the horizontal column, find 5 units. Where 
the lines intersect is the figure, 14. This is the number of degrees to add to to find the 





and OTf ’ from^ ^ 1-^ years. Blood pressure, 170/100. Leads I, II, III, 
interpreted^ as \vmiin noni^^^ AMien tills electrocardiogram was taken in 1041, it was 

microvoitseconXl - L®- «'casured at +39 : -^Qns is about 3.4 units (13.6 

<it +4G® Thiiq tho* ^ about ^3,0 units, it is cstimatoi,! at 4-40°» and G is estimated 
thir^e measured lies 13® to the right of its .usual formal position. At 

(or d1vei'-sion^as *BavW deviation 

arc, perhaps slichtlV ummilfnnf tnay be regarded as definitely abnormal. The U waves 

in th/s case,' ^ prominent in the precordJal lead. No later electrocaraiogram was taken 



Fig. 4. — ^Patient A. L.. male, aged 16 years. Blood pressure had ranged from 150/100 to 
230/140 before this electrocardiogram was taken. Leads I. II, III, and CP-i from above, down- 
ward. aqbs is +33° : Aqrs is 2.2 units, ft is +57° ; G is 7.9 units. Estimated fi is +33°, and the 
estirnated normal position of ft is +33°. Hence, ft Is deviated 24° to the right. Tills electro- 
cardiogram was recognized as an example of abnormal gradient deviation in 1943. Two years 
earlier we may have noted the relatively low T wave in Lead I. but would have ha'd no 
criterion for judging whether or not it was a normal variant. The electrocardiogram is normal 
In other respects. The U wave in the chest lead is somewhat prominent, suggesting left 
ventricular overactivity. 
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estimated position of 0. This position in this case is +5i\ The position, from measurement 
of tiio electrocardiogram was +d5“. The actual 6 is 1° only to the right of the estimated 
G, much less than tlie errors involved in the measurements. In this example, Aq„ 8 lay to the 
right of 11. If there is appreciable counl orcloclvwi.se rotation about SH, 11 may be 440° as 
before, but Aon., may be at -2°. The angle between these axes is 42°. If in this ease is 



Pig. G. — The loop, on the reader’s left within the triangle is the QRS loop derived from 
the QRS complexes, as shown. On tlie right, outside the triangle, is the spatial QRS loop, with 
the mean spatial axes. SAqiis and SG marked thereon, together with the spatial longitudinal 
anatomic axis, Sll. Tliese axes are sliown as if originating from a common origin at the notch 
in the loop. The arrows indicate the direction of rotation of the instantaneous axes. The 
form of the loop is shown fairly well, tlie length of SAons from the origin to its point being 
slightly greater than double tlie maximum width of the loop. The spatial loop is placed so 
that the form of its shadow (size depending on size of model) most nearly resembles the gen- 
eral form of the QRS loop derived from tlie limb leads. For the large majority of electro- 
cardiograms with normal QRS complexes, the angle between the dashed line and the shadow 
of SR (here about 65°) will be found to correspond closely to the longitudinal anatomic axis 
of the ventricles, as found from the roentgenogram taken in the same body position as the 
electrocardiogram. Tliis method may tend to estimate very vertical H axes as several degrees 
more vertical than the true axes, whereas very horizontal axes often appear somewliat more 
horizontal than they actually are. The loop is a compromise which best fits all cases. AVhen 
disease or hypertrophy changes the QRS complex, the method is no longer applicable, although 
it is fairly accurate in moderate left ventricular hypei trophy. Properly applied, estimates of 
3 by this method should be correct within ±7° in about 90 per cent of normal persons over 
5 years of age. 


Pigs. 7, S and 9. — In each of the figures, 7, 8, and 9, tlie heading in capital letters refers 
to rotation of the heart about the longitudinal anatomic axis. SR. The direction of rotation 

is that which would be seen if the observer viewed the apex of the ventricles. The words, 

vertical, intermediate, and horizontal, refer to rotation about an anteroposterior axis, accord- 
ing to established usage. On each horizontal line, three groups of QRS complexes are shown. 

In each group the first is Lead I, the second is Lead II. and the third is Lead III. In the first 

vertical row of QRS complex groups, tlie apex (or SR) has an average forward projection; in 
the second vertical row, SR points farther forward than usual: in the third vertical row, 
SR has little or no forward direction and nearly parallels the frontal plane. In general, 
R for the vertical groups is at about 455°: for the intermediate group. R is at about 440°; for 
the horizontal group. R is about 420 to +25° in Pigs. 7 and 8, and about 425° in Pig. 9. The 
QRS complexes in Fig. G are rouglily intermediate between tliose of the top groups m the 
fourtli and fifth vertical columns of Pig. 7. Although Fig. 6 indicates that H is about 465 , 60 
would be more nearly correct. 
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4.5 unit.s tlio number of degrees found in Table 11 is between IG and 18, or 17°. Since in 
distinct rotations, 0 is between ft and Aq„ 8, tlic 17° is mthlracied from the ft of 40°, giving 
+23° as the c.stimated position of 0. In a case of tliis sort, if the lieart rate is high, the T 
wave in Lead I may be low or even inverted, and much Iiigher in Lead III. Mlien ft is +40° 
however, such strong counterclockwise rotation is uncommon. 

If tliero is serious doubt about tlie position of ft, it is better not to rely on the method. 
Yet in our control series of 242 case.s, not a single electrocardiogram was rejected because of 
doubt concerning ft. In one tost of the 1C4 adults in that series, ft was arbitrarily called 
+40° (near the average) and 0 was then estimated. This significantly increased the range, 
proving that the estimate cannot be dispensed with. 
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3. There is an absence of the specific pattern in the electrocardiogram in 
animals with pulmonary embolism after bilateral cervical vagotomy^’ as 
compared with its occurrence when the vagi are intact. 

4. Effects similar to those described in 1, 2, and 3 occur after atropiniza- 
tion as compared to pulmonary embolism before its use.^’ ^ 

5. There is a beneficial clinical effect of atropine on the course of pulmo- 
nary embolism.-^ 

Critiqiic of Evidence ,. — 

When this evidence is surveyed critically, adequate alternatives can be 
offered for the findings. 

Tims.— 

1. The phenomena mentioned in 1 and 2 of A may indicate a refiex 
mechanism, but this maj’' be in the nature of pulmonopulmonary reflex/ raising 
pulmonary resistance beyond that caused by the actual embolic closure. A 
reflex bronehiolar constriction may also occur increasing the effort of breath- 
ing. The latter might possibly be lessened by vagus section and by atropine. 
The existence of such reflex mechanisms would increase the work of the right 
heart which could make for a relative coronary insufficiency on a purely dy- 
namic basis.’ A reflex origin of the ectopic rhythms may be involved, and this 
might be propagated over the vagi, contributing to the dynamic handicap and 
to the chance of irreversible ventricular fibrillation, if any or all of these 
reflexes do occur in pulmonary embolism they may operate over pathways 
other than the vagus nerve trunks. 

2. Statement 3 of A does not exclude a purely dynamic coronary insuffi- 
ciency due to right heart conge.stion, increased work of the right heart, and 
decreased aortic pressure, all resulting from the pulmonary arterial obstruction. 
The factors involved which lead to such a dynamic relative coronary insufficiency 
have been described in detail by us.’’ They could explain the coronary-like 
electrocardiogram without invoking a reflex coronary constriction. 

3. Statement 4 of A is not universally accepted. The evidence is contradic- 
tory.® Our own results in the dog have, suggested that the vagi are actually 
cholinergic coronary vasodilators”; the contrai'y evidence is far from convinc- 
ing to us. 

4. The statements in B may be purely chance variations. Survival rates 
of animals and the frequency of ectopic rhythms and electrocardiographic 
changes must be based on larger series than those reported in order to be statis- 
tically significant. Our own experience"- and that of others’® have shovm the 
great variability of the results of pulmonary embolism when the vagi are in- 
tact. Evidence comparing vagotomized ivith nonvagotomized animals there- 
fore cannot be considered dii’ect evidence unless statistical analysis shows the 
differences to be significant and this has not yet been demonstrated. This is 
particularly true of the frequency of the occurrence of the specific electro- 
cardiographic changes with which the present report is concerned. 



IS THERE A VAGAL PULj\rONOCORONARY REFLEX IN PULIVONARY 

EJIBOLISIM? 
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Chicago, III. 

'■| "'HE view has been helcP'"’ llial the dynamic disturbances occurring in cases 
A of pulmonary embolism are to a large extent attributable to a reflex arising 
in the lungs which produces vasoconstriction of the coronary vessels via effer- 
ent vagal fibers. This has been called the pulmonocoronary reflex. The evi- 
dence presented to support this view is in part indirect and in part direct. It 
may be summarized as folloAvs: 

A. Indirect Evidence . — 

1. The clinical and experimental effects of pulmonary embolism are often 
out of proportion to the ajijiaront degree of occlusion of the pulmonary vascu- 
lar circuit. Thus it is believed that some reflex mechanism must be operative. 

2. There is a rich atferent nerve supply to the lung vasculatui’e over Avhich 
reflexes are hnown to be established which affect the respiratory and circula- 
tory apparatus, including ectopic rhythms of the heart. 

3. An eleetroeardiogi'aphie pattern simulating that seen after coronary 
occlusion occurs in pulmonary embolism both clinically and experimentally. 
Therefore, it is argued, the electrocardiogram presents evidence of coronary 
insuffieiency."’ ® It is maintained that this coi-onary insufficiency is due to a 
reflex coronary vasoconstriction. 

4. Since it has been claimed on the basis of experimental observations'* 
that the vagi are coronary constiuctors, it is further argued that the reflex 
vasoconstriction in pulmonary embolism is a pulmonocoronary reflex having its 
afferent path in the nerve fibei-s coming from the lung blood vessels and its 
efferent path in the vagus fibers going to the coronary vessels. 

B. Supposed Direct -Evidence. — 

1. There is a higher survival rate of animals in which pulmonary embolism 
is induced after bilateral cervical vagotomy’- -• Avhen compared with those in 
which the vagi are intact. 

2. There is a less frequent occurrence of ectopic rhythms in animals in 
which pulmonary embolism is induced after bilateral cervical vagotomy’- ® 
when compared Avith those in which the vagi are intact. 
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B. Pulmonary Emltolism. — ^Pive of eight animals in this series showed 
definite changes in the electrocardiogram folloYdng pulmonary embolism. The 
results are exemplified by Figs. 3, 4, and 5. Pulmonary embolism was found to 
invert the T wave in Leads II and III in most instances (Fig. 3), but in others 
S-T depression in these leads was the main change (Fig. 5). In some, the 


A B - C D 



Fig. 1. — Control experiment A, After anesthesia. 25 mg. of nembutal per kilogram. 
Eight hours later; the dog had received a total of 38 mg. of nembutal per kilogram and 100 
c.c. of isotonic saline in the interim. Five minutes later, immediately after bilateral cer- 
vical vagotomy. D, One hour after (7. 

T-wave inversion changed to an S-T depression hours later (Fig. 4). In none of 
these animals did siibsequent Ulateral vagotomy alter the postemholic electro- 
cardiogram. 
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In short, the evidence presented for the presence of the pulmonocoronary 
reflex over the vagi is imeonvincing, and other equally valid explanations for 
the findings, supposedly supporting this view, can he advanced. 

It was therefore deemed advisable to reinvestigate this question directly 
in a simple way, namely, to see if sectioning of the vagi in a dog would abolish 
the specific electrocardiographic contour produced by pulmonary embolism 
and cause the electrocardiogram to revert toward normal. The present report 
deals with the results of such an investigation. 

METHODS 

Dogs Aveighing between 11 and 13 kg. were used in this study. They Avere 
anesthetized Avilh nembutal (25 mg. per kilogram), and supplementary nembutal 
Avas given in the course of the experiment AA’hen necessary to keep the dogs at a 
surgical level of anesthesia. hlassiAm emboli to the lungs Avere produced in the 
manner previously described.^® IIoAA'OA'er, Ihe size of the emboli Avas smaller (0.5 
to 1 c.e. capacity, as against 5 e.e. in the prcAdous studies) because smaller-sized 
dogs Avere used, and because multiple successiAm emboli (anjHA'here from one to 
16) Avere employed. Each embolus Avas forced in Avith 100 e.c. of saline. In 
order to aA'oid electrocardiographic changes AAdiieh might result from changes 
in the position of the animal,” a special trough animal board Avas constructed 
AAdiieh minimized the change in the animal’s position. The emboli Avere labeled 
so that their location and effect on the electrocardiogram could be correlated. 
Passage of the emboli in most cases Avas made iinder fluoroscopic control. 
Autopsy Avas performed to verify the location of the emboli. 

A control record Avas taken and only those animals AV'hich showed positive or 
diphasic T AAmves in Leads II and III AA'ere used for embolization. After an 
embolus reached the pulmonary A^essels, as evidenced by fluoroscopy, records were 
taken eveiw thirty minutes until definite changes from the control appeared and 
persisted. When necessary, to produce a definite change, more emboli were 
passed. After definite persistent changes Avere obtained, both A’^agi AA’^ere cut in 
the neck and a record Avas obtained immediately and every fifteen minutes thei-e- 
after for an hour. In some animals further emboli Avere then passed. 

As a control, the procedures of anesthesia, cannulation of the jugular vein, 
periodic saline infusion, and Arngotomy Avere performed in seA’^eral animals, but 
no emboli were passed. Electrocardiograms Avere taken every hour before 
Amgotomy and every tAventy minutes after Amgotomy. 

RESULTS 

A. Controls . — Pour normal conti'ol animals Avere used in this study. The 
results in the controls are shoAvn by Pigs. 1 and 2. Slight changes in the S-T 
deviation and of the size of the T Avaves occurred, but the changes Avere not sig- 
nificant. In three of the four dogs, vagotomy had no effect. In one animal (Pig- 
2) a transient change in the electrocardiogi’am appeared immediately after 
Amgotomy. These controls serve to shoAv that in any changes folloAAung em- 
bolism the emboli themselves must be the causathm factors. 
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Fig. 3 . — {For legend see opposite page.) 
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Furthermore, in the course of the preliminary expei’iments, pulmonary 
embolism was produced in seven dogs after bilateral vagotomy, and in five, 
electrocardiographic abnonnalities appeared similar to those described. ' 


Cardiac irregularities 
emboli.'- These consisted 


were commonly seen during the passage of the 
msually of frequent A-entrieular premature .systole.s 




FIet. 2.-Control experiment.__^A, After anesthesia 25 of nembutal P^r kilos ram. B 


Six hours later; the dog had received a ^ — -- -- - - 

c,c. of isotonic saline in the interim. C, Two minutes later» 
vical vagotomy. D, One hour after C. 


total of 38 ing. of nembutal per kilogram and 200 
immediately after bdateral cer- 


Flg 3.— Pulmonary embolism experiment. A Control after anesthesia 25 mg. of 

;he dog liad received 6 t^ore emboli, 4 m the interim. This record shows 

fparSxysma/ vtnSla? tachTcardia° The fog died of ventricular fibrillation fifteen min- 
ites after the last embolus. 
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changes can be produced in bilateral vagotomized animals. (3) Sectioning the 
vagi in the neck does not cause the eleetroeardiograpbie abnormalities to dis- 
appear. This confirms the observation on one animal made by Love and his 
co-Avorkers.’^ (4) There is a ivide range in the degree to vdiicb pulmonary 


A B c D 



Fig. 5. — Pulmonao' embolism experiment. A, Control after anesthesia, 25 mg. of 
nembutal per kilogram. B, Thirteen hours after A; the dog had received a total of 29 mg. 
more of nembutal per kilogram and 1,400 c.c. of saline in the interim as ■well as ten pul- 
monary emboli located in the common and right and left main pulmonary arteries. C, Ten 
minutes after B, immediately after bilateral cei'vucal vagotomy. D, One hour after C. 


emboli produce the electrocardiographic abnormalities, and the number of emboli 
needed to produce electrocardiographic changes are variable. (5) The time of 
appearance of the electrocardiographic changes after embolism is also variable 
depending apparently on the accretion of thrombi upon the embolus. 
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and paroxysmal ventricular tachycardia. They occurred also in vagotomized 
animals. Two animals died of ventricular fibrillation : one, two minute.s after 
passap of the fifteenth embolus, the other, fifteen minutes after the pa.ssage of 
the ninth. Both of these animals had been vagotomized and in both the fatal 
embolus ivas found lodged in the right ventricular cavity. 





Pjg. 4. — Pulmonary embolism experiment. A, Control after anesthesia, 25 mg', of 
nembutal per kilogram. B, Forty minutes later ; the clog had received one embolus in the 
main right pulmonary arteiT- G, Ten minutes later, shortly after bilateral cervical vagotomy. 
p, Twenty hours after O, the dog had received a total of 54 mg. of nembutal per kilogram 
in the Interim and showed very slow, deep breathing at this time. 


The emboli in the pulmonary vasculature were found in the common pul- 
monary artery in half the cases and in the other half they were equally divided 
between the major right and major left branch. 

DISCU.SSION 

Our results clearly indicate that: (1) Experimental pulmonaiy embolism 
often produces definite electrocardiographic changes, thus confirming our pre- 
vious results’^’ and those of others.^'^’ (2) Similar electrocardiographic 
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The most significant finding in oiu' pi'esent study was the persistence of 
the electrocardiographic abnormalities after bilateral vagotomy. It should be 
emphasized that our results are entirely unambiguous in this respect and there- 
foi e aie against the view that any of the cardiac changes find the fatal out- 
come of pulmonary embolism are to be attributed to the hypothetical pulmono- 
eoronary reflex over the vagus nerves. The dynamic explanation for cardiac 
embarrassment and coronary insufficiency Avhieh we have suggested in pre- 
vious work"’ “ and summarized elsewhere’-"* will adequately account for the 
experimental and clinical findings in pulmonary embolism. 

Even a dynamic cause of coronary insufficiency, however, does not pre- 
clude the advantageous use of coronary vasodilator drugs in pulmonary em- 
bolism as these would be indicated in any case of relative coronary insuffi- 
ciency regardless of origin. It is problematic, as stated before, whether 
atropine has such a dilator action. However, if atropine is effective in pul- 
monary embolism it must act upon some mechanism other than the coronary 
vessels. 

CONCLUSION 

Experimental studies upon imlmonary embolism have revealed that bilateral 
cenneal vagotomy does not abolish the elect roeardiographie alteration produced 
by the emboli. Pubnonary emboli produce electrocardiographic changes in bilat- 
eral vag'otomized animals that are similar to the changes produced by pulmonarj’ 
emboli in nonvagotomized dogs. 

These results indicate that there is no ground for the assiunption of a vagal 
pulmonoeoronary constriction reflex in pulmonary embolism. 

Alternative dynamic explanations are adequate to account for the coronary 
insufficiency encountered in pulmonary embolism. 

We are indebted to Dr. N. Gro.ssman for assistance with these experiments. 
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Of those patients whose records showed orthostatic T-wave distortions in 
Leads TI and III, several were selected for an experiment in which the electro- 
cardiographic changes which followed the Flack test conld he observed. In 
the iierformance of this type of experiment, a continuous record of Lead II 
Avas obtained with the subject recumbent just prior to and during a period of 
forced expiration. The expiratory blast was maintained to the point of ob- 
literation of the radial inilse and was of sufficient force to raise and maintain 
a column of mercury in the sphygmomanometer to a leAml of 40 millimeters. 

In certain otlier instances in Avliich orthostatic T-Avave abnormalities had 
developed in Leads II and III, comparable recoi-ds Avere obtained in the up- 
right position before and after compression of both legs at the mid- thigh leAml. 
The compression Avas accomplished by snugly fitted pneumatic cuffs inflated 
to a pressure of 300 mm. of mercury and maintained at this level throughout 
the expei'iment. The pre.ssure Avas applied Avdiile the patient Avas supine and 
after the legs had been elevated for a sufficient length of time to permit the 
blood in the superfleial veins to di*ain off as much as possible. Localized bulg- 
ing of the inflated cuff Avas prevented by the application of aii elastic bandage 
around the cuff before it Avas inflated. When significant modifications of the 
ortho.static di.stortions resulted from this procedure, the experiment Avas re- 
peated Avith compression of eciuivalent degree being a])plied just above each 
ankle. 

Finally, in certain selected cases, the effects of amyl nitrite and atropine 
sulfate AA’ere tested separately. The electrocardiograms Avere made AAuth the 
patient in the recumbent position, and the patient had abstained from tobacco 
prior to and during the te.sting period. A control curve having been obtained, 
the amyl nitrite Avas administered by inhalation from a freshly broken pearl 
containing 5 minims of the di’ug. after AA'hich the electrocardiographic effects 
Avere recorded in either a single lead or in multiple limb leads during the rela- 
tiAmly brief period Avhen flushing of the skin and tachycardia Avere maximal.* 

The atropine sulfate Avas administered subcutaneously. Records were ob- 
tained forty to sixty minutes afterAvard. The dose employed Avas usually 2.5 
mg.t dissolved in 2 c.c. of sterile Avater. 


ANALYSIS OF DATA 

In each of the 25 cases AAffiich form the basis for the present .study, ortho- 
static distortions of the T AAmA’-e accompanied by A'arying increments in the 
heart rate, appeared in Leads II and III. In each instance, the orthostatic 
T-A\mA^e abnormality Avas completely, or almost completely, abolished by the 
administration of a .sympatheticolytic drug (ergotamine tartrate), and in five 
instances it Avas considerably modified by compression of the thighs. In 15 of 
these patients, changes analogous to those Avhich resulted from the assumption 


♦The vaporized contents of a pearl of amyl nitrite containing- 5 minims of the drug will 
reflexly excite sympathetic activity to a profound degree. These syinpatheticomimetic effects 
are maximal within thirty to sixty seconds after the inhalation of that amount of the drug, 
and completely disappear in two to three minutes. 

fPrevious trials had indicated that in order to ensure the vagoparetic action from 
atropine sulfate, the drug must be administered in this large dosage. AA'^hen given hypo- 
dermically, the maximal effect will appear between forty and sixty minutes after its injection. 
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due merely to a lengthening of the diastolic period which ensues with a reduction of the 
heart rate. This view cannot be arbitrarily denied, but it hardly seems applicable in this 
instance, since the configuration of the T wave in Leads II and III is not significantly 
modified by atropine sulfate, even though the cardiac acceleration which followed the ad- 
ministration of this vagoparetic drug exceeded that which resulted from the assumption of 
the upright position. An alternative concept, which immediately suggests itself as an 
explanation of this difference, is the possibility that an augmentation of si'mpathetic 
activity, physiologically provoked either by the assumption of the upright position or the 
administration of a vagoparetic drug, can accelerate the sinus rate (chronotropic effect) 
and independently modify the events associated with electrical systole (dromotropic effect). 


■ KECUMBEOT ' RECU.MBENT 

■ CONTROL ; ERGOTAMINE 





Fig. 2. Case 3. The electrocardiogram is discussed in the text. 


Follouung the administration of a sympatheticolytic drug, such a distinction can appar- 
ently be made in some instances, the form of the T wave becoming modified without any 
significant change in the heart rate (Fig. 2). Therefore, the normalization of the ^^^^^tricu- 
lar deflection by ergotamine tartrate, when the electrocardiogram was made with the 
subiect standing, might be ascribed not only to the decrement in the standing heart rate, 
but^also to an inhibition by this drug of a dromotropic sympatheticomimetic effect reflexly 
provoked by the upright position. In addition, this response of the T waves to the ad- 
ministration of ergotamine tartrate would seem to exclude a change in 
as being responsible for the original orthostatic aberrations of the ventricular deflections. 


Case 2.— 1. The maneuver of tilting the body upright to approximately 80 degrees did 
not result in a distortion of the T wave in Leads II and HI unless a significant cardiac 
acceleration also developed (Fig. 3). 

2. A sympatheticolytic drug (ergotamine tartrate) prevented any significant ortho- 
static cardiac acceleration and also any orthostatic T-wave distortions (Fig. 3). 

3. In the electrocardiogram made with the subject recumbent, T-wave changes in 
Leads II and III were provoked by the administration of amyl nitrite or atropine sulfate. 
These changes were of the same nature, if not necessarily of the same degree, as those 
which followed the assumption of the vertical stance (Fig. 3). 

Comment . — Tlie facts that orthostatic distortions of the T waves in Leads II and III 
occur only in association ivith cardiac acceleration and that such distortions can be prevented 
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of the upright position Avere iirovoked by a sympatheticomimetic drug (amyl 
nitrite) in the electrocardiogram made with the subject recumbent. In 10 in- 
stances, the T wave in Leads II and III of the electrocardiogram made in re- 
cumbency underwent varying degrees of modification following the adminis- 
tration of a vagoparetic drug (atropine sulfate). A similar effect followed the 
Flack maneuver in six instances. The data from five representative cases 
which have been selected for more detailed analysis \vill be separately reviewed. 


RECUMBENT 

CONTROL 


RECUMBENT 

ATROPINE 


STANDING 

CONTROL 


STANDING 
AFIER ERGOTAMINE 


1 . Case 1. The electrocardioBram is discussed in the text. 

Case 1.— 1. Although the orthostatic T-wave distortions in Leads II and III were asso- 
ciated with some cardiac acceleration, an associated orthostatic tachycardia, in t e s « 
est sense, had not developed. The heart rate ivith the patient m the recum en p 
averaged 70 per minute and, in the upright position, 95 per minute (Ihg. )• 

2. Although the heart rate with the patient in the recumbent position became more 
rapid after the administration of a vagoparetic drug than it had 

of the upright position alone, significant T-wmve distortions in Leads H and HI P 

only during the period of standing. On the other hand, the T-wave distortions in the P 
cordial leads which developed in recumbency after atropine sulfate, and in t e up g 
position before the drug was given, were comparable (Fig. 1). 

- 3. A sympatheticolytic drug (ergotamine tartrate) prevented orthostatic cardiac 
acceleration and also orthostatic T-wave distortions (Fig. 1). 

Comment . — The orthostatic T-wave distortions in Leads 11 and III might conceivably 
be 'related to a shortening of the diastolic period which inevitably supervenes with an 
acceleration of the heart. Conversely, then, the prevention by means of ergotamine ar- 
trate of these orthostatic effects upon the ventricular deflection might be presumed to 
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against the opinion that increased cardiac mobility is resi^onsible for orthostatic distortions 
of the ventricular deflections. 

The likelihood that tlie original orthostatic distortions of the T wave are to be 
ascribed to impaired coronaiy flow would seem to be excluded by the normalizing eftect 
of ergotamine tartrate since this drug is believed to produce also some constriction of the 
coronarj' arteries. Too, the marked distortion of the T wave in Leads IT and III which 
followed the administration of a profound coronary dilator such as anyyl nitrite indicates 
that a reduction in coronar}- flow is not a valid concept in attempting to explain T-wave 
changes wliich maj' occur in cases of neurocirculatory asthenia. 


RECU?>!BENT ' STANDING STANDING STANDING 

RECUMBENT A RECUMBENT R . NITRITE CONTROL LEGS CONST’D ERGOTAMINE 
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by the use of a sympatheticolytic drug ivhieh also reduces the heart rate suggest that the 
abnormal form of the T wave is related either to the shortened diastolic period which 
results from the cardiac acceleration or to a mechanism which can provoke a sinus tachv- 
cardia as well as independently modify the events associated witli electrical systole. The 
interpretation that the bizarre T wave is related to the increa.sed heart rate per se would 
seem to be supported by the fact that, following the administration of amyl nitrite, changes 
identical with the orthostatic distortions occur in records made with the subject recumbent, 
provided that a comparable acceleration of the rate is provoked by tliis drug. On the 
other hand, tlie fact that the adniinistrafion of atropine sulfate and of amyl nitrite produce 
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CONTROL 
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siderably more bizarre, but these changes in the ventricular deflection were associated 
with a more significant cardiac acceleration (Pig. 5). 

3. In the electrocardiogram made with the subject in the upright position after com- 
pression of the thighs, the T waves in Leads CF, and GE, (which were the only leads 
available for inspection) reverted to a positive deflection. This change in the T wave was 
associated with a decrement in the heart rate of only 12 beats iier minute (Fig. 5). 

Coynment . — Although orthostatic T-wave distortions in the limb leads developed in 
association uuth a moderate degree of cardiac acceleration, even more profound changes 
in the ventricular deflection were seen when the electrocardiogram was made with the 
subject recumbent, after the administration of atropine sulfate. Obviously, the disparity 
is not to be related to differences in cardiac rotation, since the ventricular deflections in 
the precordial leads in the orthostatic electrocardiogram were normalized merely by a 
maneuver (compression of the thighs), which could not possiblj’- influence the position of 
the heart within the chest. It must therefore be concluded that the configuration of the 
T wave is related to the heart rate in one of two waj-s: first, that the more rapid the rate, 
the shorter the diastolic period and hence the more abnormal the T wave, or, second, 
that tlie increase in rate and the T-wavc changes are separate chronotropic and dromo- 
tropic effects, respectively, of heightened sjmrpathetic activitj'. The first interpretation , 
does not seem to be applicable, since, in this instance, the orthostatic T-wave distortions 
were associated with a heart rate of less than 100 per minute, which was hardly sufficiently 
high to shorten the diastolic period enough to distort the T waves. 

Case 5. — 1. On the day of admission, in the routine tracing obtained in the recximbent 
position, there was a sinus tachycardia with a heart rate of 140. The T waves were con- 
siderably distorted in Leads II and HI (Fig. 6). 

2. On the following day, in the recumbent position, the tachycardia had disappeared 
and the T waves were normal (Fig. G). 

3. Distortions of the T waves in Leads II and III, identical with those which were 
evident in the recumbent electrocardiogram on the day of admission, were provoked by the 
upright position even though the degree of cardiac acceleration was much less pronounced 
(Fig. 6). 

4. The orthostatic di.stortions were prevented by a sympatheticolytic drug, such as 
ergotamine tartrate. This prevention of the orthostatic T-wave distortions was associated 
with some retardation of the orthostatic cardiac acceleration (Fig. 6). 

5. A vagoparetic drug such as atropine sulfate produced in the recumbent electro- 
cardiogram distortions of the T waves in Leads II and III which are comparable to those 
which resulted from the upright position (Fig. 7). 

6. The orthostatic T-wave distortions in Leads II and III were also abolished in large 
part by constriction of the thighs. This effect was also associated with a retardation of 
the orthostatic acceleration of the heart (Fig. 7). 

7. A .sympatheticomimetic drug, such as amyl nitrite, produced in recumbency, some 
cardiac acceleration and inverted the T waves in Lead H to the same extent as did a 
vagoparetic drug or the assumption of the upright position (Fig. 7). 

8. The Flack maneuver, in recumbency, was followed by an inversion of the T wave 
in Lead II, resembling the distortion of this deflection which is produced by a sympatheti- 
comimetic drug such as amyl nitrite, by a vagoparetic drug such as atropine sulfate, or 
by the assumption of the upright position (Fig. 7). 

Comment . — It is evident that in tliis case cardiac acceleration was constantly an asso- 
ciated feature in those electrocardiograms in which abnormal T waves appeared in Leads 
II and III. For this reason, the bizarre T waves would seem to be related to the tachy- 
cardia with its resultant shortening of the diastolic period. This view seems to be sup- 
ported by the fact that the orthostatic distortions of the T wave are abolished when the 
heart rate in the upright position is reduced by a sympatheticolytic drug or by compres- 
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On the other hancl, it seems to be equally plausible to relate both the tachycardia and 
the bizarre T •waves to the separate chronotropic and dromotropic effects; respectively, of 
heightened sympathetic activity provoked either by the fever, the amyl nitrite, or the 
vertical stance. In this particular case, such an interpretation is especially applicable, 
since on another occasion, in a record made with the subject recumbent, the administration 
of a sympatheticolytic drug was followed by a significant modification in the T waves -with- 
out any alteration of the heart rate (Fig. 2). It is also noteworthy that either ergotamine 
tartrate or constriction of the thighs considerably modified the orthostatic distortion of 
the T waves in Leads 11 and III. Although this effect was presumably achieved by these 
procedures because of their inhibitory influences upon reflex sjmipathetic excitation, the 
mode of action is undoubtedly dissimilar. In the former instance a pharmacologic barrier 
between sympathetic fibers and end organs in the heart was created, whereas the other 
maneuver acted to improve venous leturn, tliereby diminishing the intensity of reflex 
adrenergic activity. 


RECUMBENT " STANDING KECU.MBL'NT STANDING 

CONTROL CONTROl. ATROPINE THIGHS CONSTRICTED 



Pig-. 5 . Case 4. The electrocardiogram is discussed in the text. 


In this case, too, cardiac mobility must be dismissed as a cause for the original ortho- 
static aberrations of the ventrieular deflection. Otherwise, the correction of the orthostatic 
distortions of the T wave by ergotamine tartrate or compression of the thighs would be 
'difficult to explain. 

Case 4. — ^1. Moderately pronounced orthostatic distortions of the T waves in limb leads 
II and in and in precordial leads CF, and CE, developed, in association -with some cardiac 
acceleration, although a true orthostatic tachycardia did not occur. The heart rate in 
recumbency was approximately 60 beats per minute and in the upright position approxi- 
mately 95 beats per minute (Fig. 5). 

2. In the electrocardiogram made with the subject recumbent, after the administra- 
tion of a vagoparetic drug such as atropine sulfate, the T wave in all leads became con- 
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sion of the thiglis. On the other liand, the Flack test, 'wliich is known to reflexly excite 
adrenergic nctiwity by diminishing venous return, s> inverts the T wave without accelerating 
the rate (Fig. 7). This might imply that an augmented sinus rate and a concomitant 
T-wave distortion can be considered separate chronotropic and dromotropic elVects, resjjec- 
tively, of heightened s^mipathetic activit3', and that the two need not necessaril}' alwaj's 
act in combination to the same degree. In extension of this concept, the salutary etfect 
of a s.vmiratheticol^’tic drug or of compression of the thighs on the ortlrostatic T-wave 
distortions would be interxrreted to indicate that both of these procedures have inhibited, 
in a selective manner, both the clironotropic and dromotropic effects of heightened s.vmpa- 
thetic aetivit.v xrrovoked b}- tlie upright irosition. 

The remarks which have been incorporated in tlie discussion of tire previous cases, 
concerning tlie possible relationship between cardiac mobilitj- or impaired eoronarv floiv 
und the orthostatic T-wave distortions, apph' also to this case. 


RECUMBENT ; 


STANDING 



Fig. 8. — For description, see text. 


DISCUSSION 

Altliongli wc have pi’esented evidence which seems to refute the interpreta- 
tion that a change in cardiac rotatioiF’ - or a diminution in coronary flow® is 
chiefly responsible for the T-wave distortions which develoj) in Leads II and 
III when an electrocardiogram is made with the subject standing, it is not the 
intent of this report to discredit the practice of obtaining orthostatic records 
in cases of neuroeirculatoiy asthenial On the contrary, it is considered by us 
to be a useful iirocedure in the study of patients with functional cardiovascular 
disturbances, since such provocative aberrations of the ventricular deflection 
axDparently offer a simple objective method for the recognition of an under- 
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can be utilized to distinguish neurogenic T-wave changes from those due to 
intrinsic heart disease, and thus provide a means for the proper appraisal of 
aberrations of the ventricular deflection which occur without any other evidence 
of structural cardiac disease. 


SUMMARY 

1. It has been demonstrated, in a study of 25 patients with neurocircula- 
tory asthenia, that heightened sjmipathetic activity, rather than a change in 
cardiac rotation or a diminution in coronary flow, is chiefly responsible for 
abnormalities of the T wave which appear in Leads II and lEE in electrocardio- 
grams made with the subject recumbent or standing. 

2. Since a fundamental component of neurocirculatory asthenia is a dis- 
ruption of normal va go-sympathetic relationships, it is possible to reconcile 
with this disorder such ‘'sympatheticogenic” aberrations of the ventricular 
deflections. 

3. The body build does not seem to be the factor responsible for T-wave 
changes in neurocirculatory asthenia, since such abnormalities have been ob- 
served in those of sthenic and asthenic habitus. 

4. The experience gained from the present study suggests that the reac- 
tion to ergotamine tartrate provides a simple means for differentiating “sym- 
patheticogenic ” distortions of the T waves from those due to intrinsic car- 
diac disease. 
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lying vegetative disorder. Support for this view is to be found in the obser- 
vations of one of us*^ that, in emotionally stable individuals, even though they 
are of asthenic habitus, the assumption of the upright position will not induce 
significant T-wave changes (Fig. 8). Supposedly, in the normal subject, the 
orthostatic augmentation of sympathetic activity which physiologically de- 
velops because of the vascular readjustments which accompany the vertical 
stance® is not in itself adequate to produce a registrable dromotropic effect 
upon the events associated with electrical systole, even though a chronotropic 
effect is evident in the moderate cardiac acceleration which occurs. Ortho- 
static T-wave distortions in patients with neuroeirculatory asthenia are there- 
fore presumed to represent additive sympathetieomimetic effects, i.e., reflex 
adrenergic activity superimposed on a state of autonomic imbalance with 
sympatheticotonie preponderance. The latter is believed to arise from the 
anxiety, with its attendant disi-uption of normal vago.sj’-mpathetic relationships, 

' RECUMBENT ‘ RECUMBENT RECUMBENT RECUMBENT 


CONTROL ERGOTAMINE ''CNTROI. ERGOTAMINE 



Fig. 9. — For description, see text. 


which is recognized to be a fundamental component in the syndrome of func- 
tional heart disease.^® It is also conceivable that, when the dysfunction of the 
vegetative nervous system is sufficiently profound, the resulting sympathetic 
overactivity may express itself in much the same manner as it has in the pre- 
cordial leads in emotionally unstable persons,^^ so that spontaneous T-wave 
aberrations will appear in Leads II and III even Avhen the electrocardiogram 
is made Avith the subject recumbent. Actually such changes have been noted, 
in not a few instances, in cases of neuroeirculatory asthenia^’ ° and, as in the 
case of analogous T-wave alterations m the precordial leads,^^ the mechanism 
responsible for them seems to be established from the normalization which 
follows the administration of a sympatheticolytic drug, such as ergotamine 
tartrate (Fig. 9). Therefore, it would appear that this simple testing method 
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to bring forward one end of the tongue depressor by means of a "wad of paper 
or cotton. The screen is set vertically close to the body of the jiatient but not 
in contact Avith it. The screen must be free to moA’e laterally, but its distance 
from the patient must not vary during the observation. The stick is then at- 
tached A'ertieally at the eentei- of the .screen by a bit of adhesiA'-e plaster. If 
the iiuoroscope is used frequently for heart studies it is convenient to have a 
A'ertical black line painted on the screen, in place of the stick. 



/o 

Fig. 1. — ^AA'ood tongue depressor witli lead triangles attached. The interval between the 
vertical edges of the triangles measures 10 cm. and is called the “base line.’’ 



Fig. 2. — Diagrams illustrating the geometric principle on which is based a new method 
of measuring the transverse diameter of the heart. The upper portion of each diagram 
represents the relation of the target, lieart, ba.se line, and screen, shown in horizontal plan ; 
the lower portion of the diagrams represent the face of the screen, seen in vertical eleva- 
tion. Letters have significance as follows; A and B, left- and right-hand lead triangles, 
lu cm. apart ; the intei-val, AB, is called the “base line.’’ A' and B', marks on screen indi- 
cating positions of shadows of lead triangles, a and &, end corrections to be added to or 
subtracted from length of base line. N, the line of intersection of the “normal plane” and 
the plane of the diagram. S, the stick attached at the center of the screen. Diagram A, The 
magnification ratio is given by A'B' divided by AB. AAUien this ratio is known any interval on 
the base line, AB, or on an extension, such as AC, may be calculated readily from the 
measured length of the similar interval. A'C, on the screen. Diagrams B, G, and D represent 
different positions and sizes of heart. In each diagram two successive positions of the screen 
and target are represented. The position to the right precedes that to the left B' is marked 
when the screen is in the first position. After the screen is moved to the left A' is added. 
The interval, A'B', corrected for magnification, is added to, or subtracted from, the length of 
the base line, AB, to give the transverse diameter of the heart. 


Wlieii tlie screen is illuminated the sliadoAvs of the lead triangles Avill ap- 
pear, lying someAvhat above the shadow of the heart and separated by a dis- 
tance of somewhat more than 10 centimeters. The stick Avili appear in the 
midst of the heart shadoAV hut rather nearer to the right border if the patient 
and the screen haA’e been centered in the usual manner. Unless the screen 
has an exceptionally long range of lateral motion it noAV AAill be necessary, in 






A METHOD FOR THE ORTHODIAGEAPHIC MEASUREMENT 
OF THE TRANSVERSE DIAMETER OF THE HEART 
BY MEANS OF THE SIMPLE FLUOROSCOPE 

Frederick H. Howard, M.D. 

New York, N. Y. 

T PIE transverse diameter of tlie heart, measured hy the orthodiagraphic 
method, is widely accepted as the most significant measurement upon which 
to base a judgment of tlie lieart size. This report describes a method by which 
a true orthodiagraphic measurement of the transverse diameter may be made 
by means of the ordinary fluoroscope without the standard orthodiagraphic 
equipment. The principle of tiie method is simple. If a vertical line, drawn 
at the center of the screen, is aligned first with one border of the heart shadow 
and then with the other border, by moving the screen laterally, then the dis- 
tance through which the screen is moved is equal to the transverse diameter. 
This is a necessary consequence of the fact that the screen and the tube are 
rigidly connected and move as a unit. The amount of this lateral movement 
might be measured by a tape reaching from the screen to a near-by wall or by 
a plumb-line reaching fi-om the screen down to a scale on a table below the 
screen. Neither of these methods would be quite convenient in actual prac- 
tice, but the method now to be described accomplishes the same purpose ex- 
peditiously and accurately with the simplest accessories. The actual technique 
first will be described and then, by means of diagrams, the logic of the pro- 
cedure will be set forth. 

The accessories required are the following: 

1. A wood tongue depressor on which are mounted, by means of adhesive 
plaster, two triangular pieces of lead placed with their vertical sides parallel 
and exactly 10 cm. apart, with the apices that are opposite the vertical edges 
pointing toward each other (Fig. 1). The line, 10 cm. long, between the vei’ti- 
eal edges wilt be called the “base line.” 

2. A thin, straight wood stick, such as an ordinary wood applicator. 

3. A grease pencil. 

4. A centimeter scale. 

PROCEDURE 

The patient is placed in the usual position for fluoroscopy and the tongue 
depressor, with the lead triangles, is attached by adliesive plaster to the an- 
terior chest wall, horizontally and centrally, at about the level of the second 
costal cartilages. It is necessaiy that the lead triangles be equidistant from 
the screen; therefore, if the chest is irregularly shaped, it may he necessary 

Received for publication Augr. 22, l.'ilo. 
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and the intervals (a and h) between its ends and the normal plane are de- 
termined first at the left border of the heart and then at the right border. 
The magnitudes of these intervals are calculated from the measured corre- 
sponding intervals on the screen reduced by division by the previously de- 
termined magnification ratio. When the normal plane is placed at the left 
border of the heart if the right hand shadow lies to the left of the stick then 
the right end of the base line falls short of the normal plane and the corrected 
measured interval on the screen is to be added to the length of the base line, 
whereas if the shadow lies to the right of the stick the right end of the base 
line reaches beyond the normal plane and the corrected measured interval 
is to be subtracted from the length of the base line. The same procedure is 
carried out at the right border of the heart, the left-hand shadow and the left 
end of the base line being considered. The several possible relations are illus- 
trated in Pig. 2. In B, TD (transverse diameter) == 10 cm. + h - a; in C, 
TD = 10 cm. + h + a; in D, TD = 10 cm. - h - a. For an understanding of 
the method it is necessarj’- to see how these end corrections may be calcu- 
lated and applied, as in these examples, but, fortunately, in practice the 
two end corrections do not need to be considered separately, for the geo- 
metric relations are such that the interval between the two marks, A' and 
B', on the screen, wlien divided by the magnification ratio, is equal to the 
algebraic sum of the two end corrections. Ilence the simple procedure of Step 
4 as described previously, is valid and the observer is spared some time and 
effort. If the TD of the heart is less than 10 cm. this combined correction 
always is negative, but it is always positive if the TD is greater than 10 centi- 
meters. In the case of a small heart, with a TD near 10 cm., the observer 
might be in some doubt about the sign of the small correction, but in this 
case another characteristic of the geometric relations provides the answer; 
it may be seen from the figures that when the marks ‘‘face” each other 
( — j I — ) the correction always is positive; when they are turned away from 
each other ([ ]) the correction always is negative. 

The geometric principle on which this technique is based is simiile and 
obvious, so that an a priori conviction of the soundness of the method reason- 
ably may be entertained. However, the results given by the method have 
been compared with measurements obtained in the same cases by the use of 
standard orthodiagraphic equipment. The discrepancies in the results, a feAv 
millimeters at the most, can be explained fully by some uncertainty about the 
exact location of the border of the heart’s shadow. Obviously this uncer- 
tainty affects the standard orthodiagraphic method as much as it does the 
method here described. 

In practice, this new method has been found simple and* expeditious. Al- 
though the explanation of the procedure may give the impression of com- 
plexity, the fact is that after a few repetitions the steps seem obvious and 
are easily remembered. Equipped with this method a clinician who has only 
a simple fluoroscope is enabled to measure the most significant dimension of 
the heart with satisfactory accuracy and can thus estimate the heart’s size 
and follow the changes in size during treatment. ■ 
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most cases, to have the patient move a little to his right until the stick appears 
to lie at about the center of the transverse diameter of the heart shadow. 
Thereafter the patient should remain immobile. 

The remainder of the procedure Avill be described as comprising four 
steps. 

Step 1. — (Pig. 2, A.) The upper angles of the shadows {A' and B') of tlie 
lead triangles are marked on the screen udth the grease pencil. The distance in 
centimeters between these marks, to be measured after the whole observation 
has been completed, divided by 10, gives the ‘'magnification ratio,” a number 
that is to be used as a correction to later measurements. 

Step 2. — (Pig. 2,5.) The screen, with the tube, is moved to the obseiwer’s 
right until the stick appears tangent to tlie left border of the heart shadow. 
Then tlie lower angle of the shadow {B') of the right-hand®' triangle (5) is 
marked on the screen, using a short A’-ertical line drawn downward from the 
angle and a short horizontal line indicating the direction of the apex of the 
triangle. The mark then will appear as a letter T placed on its side; thus, — |. 

Step 5.-r-(Pig. 2, B.) The screen is moved to the observer’s left until the 
stick appears tangent to the light border of the heart shadow. The lower angle 
of the shadow (A') of the left-hand triangle (.d) is marked on the screen, using 
the same sjunbol as that for Step 2, but reversed; thus | — . 

Step 4. — (Pig. 2, B.) The interval between the two marks ( — ] and ] — ) 
now is measured. This measurement is divided by the magnification ratio 
and the quotient is added to 10 centimeters. The sum is equal to the trans- 
verse diameter of the heart. 

DISCUSSION 

A vertical plane passed through the target and the stick is approximately 
perpendicular to the screen. The plane, Avhen placed tangent to one heart 
border, is parallel to its position Avhen placed tangent to the other border. 
If the plane is nearly perpendicular to the screen the distance betAveen its 
tAvo positions, Avhen placed tangent to the tAvo heart borders in succession, 
is equal to the true radiologic “transAmi’se diameter” of the heart. In Avhat 
folloAvs, the plane will be called the “normal plane,” Avh ether placed at the 
right border of the heai’t or at the left border. 

The base line defined by the tAvo lead triangles on the anterior surface of 
the chest is a device for measuring the interval betAveen the tAvo positions of the 
normal plane Avhen the latter is placed in succession at the left and the right 
border of the heart. The method may be compared to the measurement of an 
object, for example the top of a desk, by means of an ungraduated, 5-foot pole 
together with a graduated foot rule. Neither end of the pole need be aligned 
exactly AAuth the edge of the desk top ; the extent to Avhieh it extends beyond 
or falls short can be measured by the foot rule and the intervals added to or 
subtracted from 5 feet. The diagrams in Fig. 2 show the application of this 
principle to the fluoroscopic problem. The base line on the chest remains fixed 

♦The words "right” and "left” are used to signify direction relative to the observer, 
except where the reference is to a border of the heart ; in the latter case the words are used 
with the usual anatomic significance. 



STEWART ET AL. ; 


EFFECT OF SPLANCHNIC RESECTION IN HYPERTENSION 729 


patients when the splanchnic neiwes were sectioned Yoth the objective of lowering 
the blood pressure. Such observations form the subject of this paper. In the 
earlier part of these studies the sub- and supradiaphrag-matic resection of the 
gTcater, lesser, and least splanchnic nerves on both sides was done in succession 
at ten-day to two-week intervals." In the later operations, done after 1940, 
the Smithwick operation was carried out.^-*’ In this operation there is bilateral 
removal of the entire great splanchnic nerve with division of all of its aortic 
branches coupled witli interruption of the communicating rami of the ninth 
to the twelfth dorsal segments, inclusive, and the first and second lumbar ganglia, 
together with excision ot the .symiiathetic trunk over this area. The two sides 
are operated upon a1 len-day io Iwo-weck intervals. Tlie splanclniic bed is the 
mechanism of the luiman organism for maintaining tlie level of blood pressure 
essentially eon.sta7it in changing from sitting to lying and standing position, and 
removal of the sympathetic impulses affeeting the caliber of this bed has been 
found to give, in certain instances, a reduction of elevated blood pressure to 
normal levels, regression of retinal changes, and a disappearance of symptoms 
which were associated with hyjieilension. 

Since 1939, observations have been made on 7 iiatients before and after 
the less complete operation of siilanchnic resection, and on 19 patients before and 
after the Smithwick operation. The surgical aspects of these .studies will be 
I'eported elsewhere.-' 

METHODS 

The peripheral blood flow was measured by our modification^'’ of the 
method of Hardy and Soderstrom.-' The methods used were described in the 
earlier papei'’ and need not be re]ieated. Peripheral blood flow was expressed 
as cubic centimeters per squai'e meter pei* minute. In the course of the observa- 
tions records Avere made of 7'ectal temperature and of the temperatures of eleven 
areas on the anterioi- surface of the bod}’ (Fig. 1) from Avliich the average 
weighted skin temperature could be e.stimated, of basal metabolic rate, of blood 
pressure, and of heart rate. 

Plan of Procedure . — The plan of maldng the measurements of peripheral 
blood flow was described in a preceding paper. ^ All measurements were made 
vdth the patients in a basal metabolic .state. The peripheral blood flow Avas 
measured on one or more occasions to secure control or preoperatwe leA’^els of 
peripheral blood floAV and of the other data. Shortly aftenvard the splanchnic 
nei’A^es Avere sectioned on one side. ^Yhen the patient had recovered from this 
procedure ten to fourteen days later, the obseiwations relating to peripheral blood 
flow Avere repeated, after AAdiieh the splanchnic neiwes on the other side AA’^ere 
sectioned. Ten days to tAA^o Aveeks later still, the observations relating to periph- 
eral blood floAV Avere repeated as Avell as at longer intervals after the completed 
operation. When patients returned for observations after discharge from the 
hospital, they Avere hospitalized overnight in order to be kept in a basal state 

’’’Tlie earlier operations were done by Dr. Frank Glenn and the later ones by Dr. Bron- 
son Ray. AVe wish to thank these members of the Department of Surgery for their coopera- 
tion in making these studies possible. 



THE EFFECT OF SPi^ANCHNIC RESECTION ON THE PERIPHERAL 
BLOOD FLOW AND RECTAL AND SKIN TEMPERATURES 

IN HYPERTENSION 


Harold J. Stkwart, jM.D., Willis F. PIvans, M.D., Helex S. Haskell, MD., 

AXD Halla Browx, ]\LD. 

New York, N. Y. 

I N A PRECEDING paper we have described observations relating to the 
peripheral blood flow and skin and rcetal temperatures in patients ndth 
essential hypertension^ In those studies we found that the peripheral blood 
flow was decreased in pei-sons Ainth essential hypertension as compared with 
normal young subjects, that the rectal temperature was higher in hypertension, 
but the avei’age weighted skin temperature was lower in subjects inth hjiier- 
tension than in normal subjects. Moreover, roughly speaking, the upper part 
of the body was wanner and the lowei* pai-l colder in hypertension than in 
nonnal subjects indicating a greater blood flow in the upper pari of the body 
and a le.sser peripheral blood flow in the lower jiart of tlie body in li.iqiertensive 
patients. There are, then, fundamental diff'erencas in the di.stnbution of blood 
to the periphery in hypertensive patients as compared with normal subjects, 
and as compared witli patients exhiliiting hypertension as a part of coarctation 
of the aorta- and pheochromocytoma.'’ 

The medical treatment of hyperten.sion lias neitlier yielded results which 
were uniformly successful nor lias it .significantly altered the natural histoi^" of 
the disease (Stewart"* and Atchley®). As a consequence there have come in rapid 
succession in recent years tlie attempt.s to lower lilood pre.ssure in arterial hyper- 
tension by surgical procedures designed to interrupt s.vmpathetic nerve path- 
ways. At first partial sympathectomy was done (Craig and BroAvn® and CraigD- 
Then anterior nerve root section was carried out (Adson and Broum,® Adson." 
Heuer,’” and Page and Heuer”- ’-). Then followed in succession the attempts 
to interrupt the sympathetic nerves more completely (Allen and Adson,*’* Smith- 
wick,* Peet. Woods, and Braden,’® Peet and Woods,*' and Grimson*®’ *‘’)- 
Since then additional repoi'ts have been made by othei- ohsevvers.'^”'-* A fall in 
blood pressui'e is achieved by these .surgical measux‘es in a certain number of 
subjects. It appears that the so-called Smitluvick procedure*'*’ is one of the 
most effective. 

Since the peripheral blood flow in hypertensive patients shows certain 
differences from normal individuals Ave wished to see how the peripheral blood 
flow and rectal and skin temperatures were altered in these same hj-pertensive 
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Those having the partial operation are separated in Table I from those 
ill wliom the Smithwiek procedure was done. Moreovei', since tiie object of the 
surgical procedure was to lower the blood pressure, the patients were grouped 
into those in whom the blood pressure fell to normal after operation, those in 
whom the blood pressure fell moderately, and those in whom the blood pressure 
was unaffected by operation. This was done in order to ascertain whether any 
changes in the peripheral blood flow and sldn and rectal temperatures were 
lirought about in these respective groups as a result of the surgical procedure. 

OBSERVATIONS 

Observations Belating to Those Patients Subjected, to the Snvithwich Pro- 
cedure in Whom the Blood Pressure Fell to Normal Limits. — In seven patients, 
six women and one man, the blood pressure fell to normal following the Smith- 
wick operation. In them we have compared the preoperative measurements of 
the circulation with those made when the blood pressure after operation was at 
normal levels. The average of the blood pressure for the group was 178/120 
before and 124/89 after operation. The average rectal temperature, Avhich was 
37.54° C. before operation, that is to saj”" higher than normaP® (Table I, Fig. 1), 
fell to 37.01° C., but still remained higher than normal. The averag’e weighted 
.skin temperature which was 33.86° C. before operation feU to 33.49° C., that is 
to say below nonnal. While these were the trends with respect to rectal and 
average weighted skin temperatures, statistical analysis showed that they were 
probably not significant changes. The temperature for areas of the upper part 
of the body fell as compared vdth the preoperative levels. These areas were: 
Areas 1 to 6 and included the forehead (Area 1), the upper chest (Area 2), the 
lower chest (Area 3), the abdomen (Area 4), the upper airni (Area 5), and the 
forearm (Area 6). The temperatures of the upper (Area 8) and lower thigh 
(Area 9) were essentially unchanged by the operation but the temperature of the 
leg (Area 10) and of the foot (Area 11) increased very much; the rise in tem- 
perature in the latter was 2.2° C. The greatest fall in temperature after opera- 
tion, namely 1° C., was in the upper arm (Area 5) and forearm (Area 6). 
The changes in temperature in these areas were consistently in this direction. 
The greatest rise in temperature, namely 2.2° C., occurred in the foot (Area 11) ; 
on statistical analysis this is slightly significant. There was fall in the average 
peripheral blood flow from 69 c.c. per square meter per minute to 50 c.c. per 
square meter per minute. Tlie blood flow, however, vaz’ies considerably in in- 
dividual patients; in some patients the peripheral blood flow increased after 
operation, while in others it decreased. The change is not significant. The 
basal metabolic rate before operation averaged +3 per cent and after operation, 
-7 "per cent. 

Observations Relating to Those Patients Subjected to the Smithivick Pro- 
cedure in Whom Blood Pressure Decreased Moderately but Did Not Beach 
Normal. — Seven patients, tluee men and four women, were in tliis group (Table 
I, Pig. 2). The average of the blood pressures before operation was 213/125 
and after operation it was 182/112. After operation the rectal temperature was 
essentially unchanged. The average sldn temperature for all the individual 
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for tlie observations tlie next morning. Occasionally, if patients lived near by, 
they came to the hospital' by taxi early in the moraing before breakfast and 
rested sufficiently long to insure basal conditions. All observations were made at 



a room temperature of 27° C. with a humidity of 45 to 50 per cent. The 
peripheral blood flow and temperatures and other data recorded in Table I 
represent the averages of all the observatins made for that morning. 
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In those patients subjected to the Smithwiek procedure in whom the blood pres- 
sure fell to normal after operation, the temperature of the upx)er part of the body 
fell after operation and the temperature of the lower part rose as much as 2.2° G. 
in the feet; the peripheral blood flow decreased; the rectal temperature, which 
was elevated, decreased; and the average weighted skin temperature decreased. 
The weighted fall in the upper part more than balanced the rise in temperature 
of the lower extremities. These temperature changes are shorni graphically in Pig. 
1. Before operation (open circles) the symbols representing the rectal, average 
skin, and the temperatures of Areas 1 to 8 are mostly at the upper part of the 
chart, while those of Areas 10 and 11 are mostly at the lower part. After opera- 
tion (closed circles), the rubrics representing the rectal, average skin, and the 
temperatures of Areas 1 to 8 move down, but those representing tlie temperatures 
of Areas 10 and 11 move up. Though this is the trend, only tlie change in the 
foot temperature is of statistical significance. Before operation, in the group 
ill which the Smithwiek operation produced a moderate fall in blood 
pres.sure, the rectal temperature was slightly elevated, the average weiglited 
skin temperature Avas slightly decreased, but the temperatures of the areas of tlie 
skin were essentiallj* normal except for the lower thigh and leg wliieh were cooler ; 
the peripheral blood floiv was decreased. After operation, tlie average weighted 
skin temperature rose as did the temperature of most of the areas of the body, 
the greatest rise, 2° C., being in the feet. The peripheral blood floiv rose. 

Those in ivliom there ivas no fall in blood pressure after operation had, 
before operation, essentiall}^ the same characteristics in their measurements as 
did the preceding group. After operation there ivas a fall in rectal temperature ; 
the average weighted skin temperature fell, as did tlie temperatures of the in- 
dividual areas for the upper part of the boch', with the exception of the feet in 
which the temperature rose 1° C. only. The peripheral blood flow decreased as 
Avould be expected vdth the lower skin temperature. 

In those patients subjected to partial sjunpathectomy the peripheral blood 
floAv decreased and the Aveighted skin temperature feU. Those in Avhom the 
loAvering in blood pressure Avas moderate .shoAA'ed veiy slight faU in foot tem- 
perature, and those in Avhom the blood pressure was imchanged showed a rise 
in foot temperature. 

Out of these obseiwations no patterns appear which relate the amount of 
peripheral blood floAv to the leA’-el of blood pressure folloAAung sympathectomy. 
The aA’-erage Aveiglited skin temperature rose or fell according to AA^liether the 
peripheral blood floAv increased or decreased after operation. There AA'as, on tlie 
AA’-hole, rise in the foot temperature as a result of operation, the most marked 
increase being in those aaAo had the more extenshm operation (SmilliAvick) and 
in Avhom there was fall in blood pressure. 

Fall in blood pressure to normal after the SmitliAA'ick operation oceiiiTed in 
six AAmmen but in only one man. When this group of six Aimmen is analyzed for 
the changes occurring after operation, they show the same general trends as 
the gi'oup as a whole, namely fall in peripheral blood floAv, fall in rectal tem- 
perature, fall in average Aveighted sldn temperature, and fall in temperature 
of the upper part of the body and rise in temperature of tlie lower part of the 
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areas of the hody except Area 2 (upper chest) rose, but the increases were not 
statistically significant. The greatest increase, a rise of 2° C., was in the feet 
(Area 11 ) ; this rise occurred consistently and was significant. The increase 
of 0.-8° 0. in the temperature of the leg (Area 10) was not significant. The 
peripheral blood flow rose from 50 c.c. to 63 c.c. per square meter per minute, 
which was statistically significant. 

Observations Relating to Patients Subjected to the Smithtvick Operation in 
Whom No Change in Blood Pressure Occurred. — Five patients, two men and 
three women, comprise this group (Table I, Fig. 2). The preoperative levels 
of blood pressure in this group wms lowmr than in the other group, namely 
157/109. After operation, the rectal temperature fell slightly, the average skin 
temperature fell, and the temperature of areas of the body from 1 to 9, inclusive, 
fell; these areas include the forehead (Area 1), the upper chest (Area 2), the 
lower chest (Area 3), the abdomen (Area 4), the upper ann (Area 5), the fore- 
arm (Area 6), the hand (Area 7), the upper thigh (Area 8), and the lower 
thigh. (Area 9). The temperature of the leg (Area. 10) increased onlj’’ 0.3° C. 
and that of the foot (Area 11) only 1° C. as compared uith a 2.2° C, rise in the 
group of patients whose blood pressure fell after operation. These changes 
are not significant. Decrease in peripheral blood flow from 51 c.c. to 36 c.c. per 
squai'e meter per minute did not appear significant, though this group which 
includes only five patients is small for statistical analysis. In the five patients 
of this group the blood pressure rose after operation instead of falling; the 
average was 174/111 after operation as compared with 157/109 before opera- 
tion. 

Obses'vations Relating to Patients Who Experienced Partial Sympathectomy 
in Whom Moderate Fall in Blood Pressure Occurred. — Five patients, two men 
and three women, comprise this group. The average blood pressure fell from 
213/130 to 183/121 after operation. After operation (Table I, Fig. 2) no 
significant changes occurred in the rectal, average weighted skin, and local tem- 
peratures, or in peripheral blood flow. Tliere was not the rise in temperature 
of the feet which was observed following the Smithwick procedure. 

Observations Relating to Patients Having Partial Sympathectomy in Whom 
a Fall in Blood Pressure Did Not Occur. — This group comprises one man and 
one woman. A. B. was sub.iected to the more extensive procedure two jmai’s after 
the partial operation. After operation (Table I, Fig. 2) the only significant 
change was the rise of 2.9° C. in the temperature of the foot (Area 11). 

DISCUSSION 

Observations relating to peripheral blood flow have been made in patients 
before and after sjunpathectomy designed to lower the blood pressui’C. The 
Smithudck procedure was more effective for this purpose than was partial sjnn- 
pathectomy. The data have been analyzed so that the behavior of the peripheral 
blood flow could be related to the response to the operation. 

In all the small groups of hypertensive subjects, the trend, before operation, 
was for the temperature of the upper part of the body to be warmer than normal, 
and for the temperature of the loAver part of the body to be cooler than normal/® 
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Tlie data relating to the basal metabolic rates are of interest. Those pa- 
tients in whom the blood pressure fell to normal (Smith wick) showed a fall in 
the basal metabolic rate from +3 per cent to -7 per cent, a fall of 10 per cent; 
those showing slight fall in blood pressure (Smithwiek and partial sjmipathec- 
tomj') showed a fall in rate of 4 per cent; and those whose blood pressure was 
not altered (Smitlnwck and partial sympatheetomy) showed no change in the 
basal metabolic rate. 

In the group of hypertensive patients considered in this paper, there is a 
linear relationship between peripheral blood flow and average weighted slrin 
temperature before operation (Fig. 3), just as there was in the larger group al- 
ready reported.^ This relationship is maintained after operation, but the cor- 
relation is even more striking and fewer points fall outside the zone showing 
the closest correlation (Fig. 4). 

180 

160 _ o = POST-OPERATIVE MEASUREMENT o 



AV SKIN TEMPERATURE 'C 

Pig. 4. — In this figure all the postoperative measurements of peripheral blood flows of 
all patients (Table I) are plotted against the corresponding average skin temperatures 
(Table I) revealing a very close correlation. Most of the points which were out of line with 
this correlation in Pig. 3 were in the preoperative measurements of the patients. 

SUMMARY 

The peripheral blood flow has been measured by a modification of the 
method of Hardy and Soderstrom in patients with arterial hypertension before 
and at intervals after splanchnic resection, undertaken with the intent of lower- 
ing the blood pressure. In addition obseiwations were made of the skin and 
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]jody. From these observations we could not detect any characteristics which 
set those patients apart from those wlio failed to experience a fall in blood pres- 
sure. 

In those patients subjected to the Smithwick procedure and to partial 
sympathectomy, all tlie measurements before operation were averaged and com- 
pared witli the coi'responding estimations after operation (Table I, Fig. 2). 
Likewise all the preoperative as well as the postoperative mea.surements of all 
patients sul)jeeted to any fonn of .sympathectomy were averaged. The changes 
for the entire grou]) of ])atieuls are less marked, lieeause tlie changes shovm in 
those groups in which Tuarked changes occurred are pulled out of line by those in 
which no changes occurred. The trends, as shown in the frequency diagram 
(Fig. 2) are, however, essentially the same as in the smaller groups, but are not 
of statistical significance. 
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jrig. 3. — In Uiis figure all the peripheral blood flows of all patients (Table I) 
against tlie corresponding average skin temperatures before (closed circles) and atter topen 
dreles) operation. A liSear relationship is apparent in that the higher average siem tem- 
peratures were associated with the higher peripheral blood flows. 


The colder feet and lower pai’ts of the body in hj^pertension may be due to 
increased vasocomstriction in these regions and in the splanchnic area, which is 
relieved by splanchnic resection. The marked rise in foot temperatiu'e is what 
is to be expected from including the section of the second lumbar ganglion m 
the operative procedure. 
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rectal temperatures. In 19 patients the Smitlnvick procedure was carried out, 
and in seven operated upon earlier, the less extensive operation was done. The 
following facts emerged: 

1. In these patients the Smithudek procedui’e was more effective in lowering 
the blood pressure than the less extensive splanchnic resection. 

2. Since the objective of the operation is to lower the blood pressui’e, the 
groups in which this occurred are of special interest with respect to peripheral 
blood flow. The most marked differences in the observations made before and 
after operation were recorded in the gi’oup in which the blood pressure fell to 
normal after operation. The peripheral blood flow decreased, the rectal tem- 
perature fell, the average weighted skin temperature fell, the temperature of 
the upi^er part of the body fell ; the tem 2 )erature of the lower part of the body, 
especially of the feet, rose. Tlie effects were less in those noth less marked fall 
in blood pressure or without change in blood pressure. 

3. There was, however, no pattern discernible in the individual peripheral 
blood flows when these Avere analyzed in relation to the effect of the surgical 
procedure either in those in which the blood pressure fell to normal or in those 
showing less benefit from the operation. 

4. The peripheral blood Aoav in hypertension beam a linear relationship 
to the weighted skin temperature. This relationship is especially close after 
splenehnic resection. 

5. In those patients exhibiting the inost marked lowering of blood pressure 
after operation, the average skin tempei’ature fell after operation. The tem- 
perature of the upper part of the body, AAdiich before operation was Avarmer than 
normal, fell ; the temperature of the feet, wliieh before operation Avas cooler than 
normal, rose after operation. The elcAmted rectal temperature in hypertension 
falls after operation. 

6. In those patients shoAving a fall in blood pressure to normal after op- 
eration, the mean basal metabolic rate decreased 4 per cent, and in those whose 
blood pressure Avas not loAvered, no change in the mean basal metabolic rate 
occurred. 

7. Wliile the peripheral blood floAV is, on the average, loAA'-er in hypertensive 
than in normal subjects,^ there are Avide ranges, and the differences are not sig- 
nificant. The IcA^el of blood pressure has no relation to peripheral blood floAv 
either Avdiere the blood pressure is high or in the same patient after restoration 
of normal blood pressure. 

It is likely that the mechanism, AA^hateAmr it may be, AAdiich is responsible 
for the elevation of blood pressure in hjT^ertension is also responsible for the 
differences in local skin temperatures Avhich hypertensive patients exhibit AAdien 
compared Avith normal indiAuduals. 
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average onset occiiiTed at about the seventieth day. They varied in intensity 
from sliglit visual blurring, slight tingling of the extremities, or slight muscular 
weakness to extensive generalized paralysis with muscular wasting. E-ecovery 
was usually slow, averaging about one hundred days. Init the ultimate prognosis 
was excellent. 

A severe myocarditis, with rapidly fatal outcome, occurred as a com- 
plication in one of the first patients admitted in the epidemic. During the 
same week a similar fatality occurred in a near-by hosiiital. As a result, 
tremendous respect was engendered for this potentially lethal complication of 
what was otherwise an essentially benign, although jirolonged and incapacitating 
disease. Consequently, in all patients in whom the diagnosis of cutaneous 
diphtheria was suspected, every effort was made to prevent the development of 
a cardiac complication or, if this was impo.s.sible, to detect and treat it at the 
earliest possible stage of development. With these ob.jectives in view, all patients 
in whom the diagnosis of cutaneous diphtheria was suspected were isolated at 
complete bed rest as patients of the dermatology section, where local therapj* 
was given. The policy with respect to the administration of antitoxin was at 
first poorly defined, but as soon as we became certain that we were dealing with 
cutaneous diplitlieria in epidemic proportions, a definite policy for the adminis- 
tration of antitoxic serum -was established: 20,000 to 40,000 units of diphtheria 
antitoxin were promptly administered to all patients in whom active cutaneous 
diphtheria was diagnosed clinically. Contrary to other reports, we are con- 
vinced that this disease can be accurately diagnosed by an experienced dermatol- 
ogist, particularly in the height of an epidemic. As soon after admission as 
feasible, the patients were examined for any evidence of cardiac disease, and an 
electrocardiogi’ain was taken. Thereafter, tracings were repeated every ten 
to twenty days until the lesions had become definitely inactive. Any patient who 
exhibited s.^■lnptoms, signs, or electrocardiographic changes suggestive of cardiac 
involvement was observed especially closely and was studied frequenth'^ with 
the electrocardiograph. When cardiac involvement was definitely diagnosed or 
considered probable, the patient was continued at bed rest until all evidence of 
the cardiac complication had disappeared. 

Myocarditis: Incidence, Time of Onset, Duration . — In the 140 patients 
with cutaneous diphtheria, myocardial complication was diagnosed as a certainty 
in four, one of whom died, and was considered probable in three othei*s. The 
incidence was 5 per cent. In several additional patients it was considered 
possible that a minimal myocarditis had occurred, but the diagnosis could not 
be definitely established. 

The earliest aiipearance of an electrocardiographic abnormality was on 
the twentieth day after the onset of the cutaneous lesions. In the patient who 
died on the forty-first day of liis cutaneous disease, symptoms of cardiac disease 
first apiieared about the thirty-eightli day. In another patient, the myocarditis 
was first diagnosed as late as the sixtieth day, although it may have been present 
for some time before this, inasmuch as the patient was not admitted to the 
hospital until the fiftieth day, had no cardiac symptoms, and did not have an 
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T he diagnosis of cutaneous diphthewa was made in 140 American soldiers 
admitted to a United States Army General Hospital in the India-Burma 
Theater during the period from, July through December, 1944. The myocardial 
complications observed in tliese patients are considered in this report. Data are 
presented with reference to the incidence, predisposing factors, time of onset, 
duration, symptomatology and course, physical findings, electrocardiographic 
studies, associated neuritie complications, treatment, and ultimate disposition 
of these patients. None of the patients of the cutaneous diphtheria series who 
developed a cai'diac complication had had clinical evidence of faucial diphtheria. 

A communication dealing especially with the dermatological aspects of 
cutaneous diphtheria, including data Muth reference to the epidemiology’-, in- 
cidence, predisposing factors, description of the lesions, laboratory findings, 
treatment, and ultimate results, is to be pulfiished.^ A separate report of the 
neurological complications of the disease is also to be published.^ 

The eases of cutaneous diphtheria considered in this report occurred almost 
exclusively^ in combat soldiers who had been evacuated during or after a 
strenuous campaign fought in jungles, mai'shes, and foxholes during the wet 
monsoon in Burma. Wet feet, poor foot hy'giene, multiple minor abrasions, and 
insect and leech bites were undoubtedly” important predisposing factor's to the 
development of the cutaneous lesions. These lesions, which are described in 
detail elsewhere,^ were ulcerative, usually rvith a membrarre or a leathery, black, 
adherent, inlaid crust. The lesions rvere usually multiple, and predominantly 
affected the extremities. They were extremely resistairt to treatment, and in 
many” instances persisted for many” weelts or moirths. 

Although diphtheria was early* suspected as the cause of the skin lesions, 
conclusive laboratory” proof was rrot obtained until several weeks later. Organ- 
isms ha-\drrg the morTphologic appearance of Klebs-Loffler bacilli were recovered 
in approximately” 80 per cent of the 109 patients in whom the skin infection was 
still active at the time of admission, but at first the fermentatiorr reactions 
appeared to indicate that these organisms were not diphtheria bacilli. Latei', 
however, a change was made in technique with the result that virulence-positive 
Klebs-Loffler bacilli were I’ecovered in 26 of the last 38 cases. 

Neurological complications, described elsewhere,- developed in 43.5 per 
cent of these patients. They first appeai’ed as early as the twenty”-third day 
of the skin lesions or as late as the one hundred fifty”-eighth day; the 
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Laboratoiy findings were generally noimal. A leiicocytosis of 22,000, pre- 
dominantly polymorplionnclear, was present on the day of death in the one 
patient. In the others the leucocyte count was normal; if any slight elevations 
were present they could be accounted for on some otlier basis. Sedimentation 
rates, taken on five of the seven patients, were normal. 

Autopsy Findings . — ^At post-mortem examination of the one patient who 
died, the heart was flabby and slightly dilated. The pericardium contained 
100 c.c. of straw-colored fluid. The epicardium, endocardium, and pericardium 
were speckled with many iietechial hemoiTliages. The mj'ocardium was pale 
brown with grayisli streaks. Microscopic examination I'evealed extensive frag- 
mentation and disintegration of the muscle fibers, with degeneration, nuclear 
changes, and interstitial cellular infiltration, predominantly Ijmiphoeytic. 



Pig. 1. — ^Definite myocarditis. Onset of cutaneous diphtheria August 3. Severity of 
lesion graded as 4 plus. There was no neuritis. Antitoxin was not given. The onset of 
cardiac symptoms was September 10. These consisted of abdominal pain, dizziness, dyspnea, 
vomiting, chest pain, and collapse. Death occurred on September 13. The electrocardio- 
^aph showed a rate of 110, with a regular rhythm. The P waves cannot be definitely 
identified. The QBS complexes in the limb leads were of low voltage and slurred. There 
were deep Q waves in all chest leads. The T waves are of low amplitude. The electro- 
cardiographic diagnosis was “abnormal tracing, probably indicative of myocarditis.’’ 


Electrocardiographic Findings . — The electrocardiograph provided by far 
the most reliable and, in four instances, the only means of establishing the 
diagnosis of diphtheritic myocarditis. In aU, 381 tracings were taken in the 
study of the 140 patients in whom the diagnosis of cutaneous diphtheria was 
made; in addition, tracings were taken on several patients with ulcerative skin 
lesions but in whom the diagnosis of diphtheria was ultimately excluded. 
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electrocardiogram taken until the sixtieth day. In general, the period of the 
fonrtli to the seventh week of the cutaneous diphtheria appeared to be that 
in which myocarditis developed, if at all. 

The duration of the myocarditis ranged from twenty-eight to fifty days 
in those in whom tlie diagnosis was considered probable, and from sixty to ninety 
days in those in whom it was certain, excepting, of course, the one patient who 
died four days after the onset of symptoms. Cardiac abnormality did not 
persist beyond one hundred forty days from the onset of the eiitaneous lesions 
in any patient. ' 

Clinical Symptoms and Signs. — With few exceptions, sjnnptoms were by 
far more frequent and more striking in those patients who did not have any 
evidence of organic cardiac disease than in those who had real cardiac complica- 
tions. Tyj)ieal cardiac neurosis phenomena, such as palpitation, tachycardia, 
stabbing precordial pains, and taehy]>nea, occurred with great frequency on the 
cutaneous diphtheria wards, especially after the death of the one patient. Of the 
seven patients in whom the diagnosis of nijmcarditis, definite or probable, was 
made, four had no symptoms which could be considered as cardiac in origin. 
Had these i)atients been allowed aetivity, it is quite possible that symptoms 
would have appeared. Of the other three, two complained of dyspnea and faint- 
ness upon slight exertion. The third patient, the one wlio died, first complained 
of aching right-sided abdominal pain with nausea and some breatlilessuess on 
exertion. These symptoms increased but were not incapacitating or severely 
distressing until eighteen hours before death Avhen the discomfort extended 
upward into his chest as a steady dull pain; he began to vomit profuseljq became 
very dizzy, and collapsed beside his bed. In spite of rest, morphine sedation, 
and oxygen, dyspnea and faintness persisted until deatli. It is interesting, and 
probably significant, that palpitation was never a symptom in any patient 
with myocarditis. 

In the iDatient who died, whose symi)toms have been described, the most 
strildng physical sign was extreme pallor, despite a completely normal hemo- 
globin. The patient appeared moderately dyspneic; the neck A’eins were en- 
gorged, and the liver was enlarged and tender. There was no definite evidence 
of cardiac enlargement; precordial pulsation was not visible. Although the 
cardiac sounds were barely audible, there was a distinct gallop rhjdhm. The 
pulse was extremely feeble with a rate of 110. The systolic blood pressure was 
60 mm. Hg; the diastolic pressure could not be determined. 

In the other six i^atients, the physical signs were not striking. Tachycardia 
was absent; the heart rate at rest did not exceed 90 beats per minute. Two 
of the patients had occasional extrasystoles. The blood pressure was below 
100, systolic, in only two instances ; a pressure of 90/50 was the lowest I’eading 
obtained. The neck veins were not engorged. The heart was not enlarged 
on physical examination in any of these patients, although in one x-ray films 
showed slight but definite enlargement. Later the heart became normal in 
size. Precordial pulsations and cardiac sounds were definitely feeble in two 
of the patients; hi the others they were normal. No murmurs or friction rubs 

were heard, 
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From an analysis of these tracings, several conclusions could be drawn; 
(1) Tachycardia was not an important feature. (2) Extrasystoles were observed 
no more frequently than one would expect in a group of normal individuals. (3) 
P-R interval prolongations above 0.20 second were not observed in any patient in 
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Pig. 3. — Definite myocarGitis. Onset of cutaneous diphtheria July 1. Severity of lesions 
gi-aded as 4 plus. Sevei-e neui'itis set in on the fifty-fourth day and lasted one hundred 
eighty-four days. No antitoxin was given. Cardiac symptoms appeared on the fiftv-sixth 
day and consisted of dizziness and dyspnea. On September 4 the electrocardiograph showed 
a rate of 80. with a sinus rhythm. The P-R interval was 0.16 second. The QRS complexes 
were of very low amplitude. The T waves were inverted in all leads. The amplitude of the 
QRS complexes showed a progressive increase. On November 17 the T waves became up- 
right in all leads. 


Fig. 2.— Definite myocarditis. 

•aded ts 4 plus. Neuritis developed on «« fifD sixm nw • ine fifties 

'ed forty-five days. Antitoxin was not gi^e . electrorardiograph showed a rate of lo 
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Criferm for the Diagnosis of Definite or Prohahle Myocarditis . — The 
diagnosis of myocarditis was considered certain in those patients in whom 
definite electrocardiographic ahnonnalities were observed in repeated tracings, 
with subsequent progressive changes toward normal. In three of the four 
patients so diagnosed there were corroborating clinical evidences of myocardial 
disease. Myocarditis was considered iirobable in jiatients in whom a definite 
and characteristic abnormality was obseiwed in one tracing only, or in whom the 
electrocardiographic findings were highly suggestive of abnormalitj^ and showed 
progressive changes toward normal in repeated tracings.' Clinical evidence of 
myocarditis was not present in these patients. Myocarditis was at first con- 
sidered possible in a large number of patients, either on the basis of suggestive 
.symptoms, tachycardia, or electrocardiographic findings (extra systoles, axis 
deviation, Q waves in Leads TI and III, etc.) which suggested the possibility 
of abnormalitj'. In most instances, the persisting and unchanging nature of 
these findings beyond the period when true myocarditis could be considered 
possible served to rule out organic cardiac disease. In seven patients, however, 
the possibility that a minimal myocarditis had been present could not be en- 
tirely excluded. 

Delation of the Severity of the Cutaneous Disease to the Development of 
Myocarditis. — The 140 cases were graded according to their severity, depend- 
ing upon the number and size of the cutaneous diphtheria lesions. Table I indi- 
cates the grade of severity of the cutaneous lesions in each of the patients 'with 
definite or probable myocarditis. It is apparent that definite myocarditis de- 
veloped only in patients in whom the cutaneous disease was severe. In the 
patients with probable myocarditis the correlation is not so clear as in those 
with definite nijmcarditis. 


Table I, The >Severity of the Siax Lesioks akd the Developmext of Myocarditis 


Severity of slvin lesions 

4 plus 

3 plus 

2 plus 

1 plus 

Total number of cases 

18 

34 

38 

50 

Definite myocarditis 

3 

1 



Probable myocarditis 

1 

1 

1 



The Development of Neuritis With Relation to Myocarditis. — In the group 
of four patients in whom the diagnosis of mj-ocarditis was definite, all but one, 
the patient who died, had neuritis, either severe or moderately severe. In two 
patients the symptoms of neuritis appeared at about the same time or slightly 
before there was evidence of cardiac involvement. In the third, neuritis had been 
present for lAventy-eight days before the myocarditis was diagnosed on the 
sixtieth' day of the cutaneous disease. In the group of three patients in whom 
the diagnosis of myocarditis was considered probable, only one developed 
neuritis, the onset of which occurred after the electrocardiographic abnormalities 
had disappeared. Thus, when myocarditis developed in cutaneous diphtheria, 
neuritis usually accompanied, preceded, or followed it. 

Prevention and Treatment of Cardiac Complications. — In regard to these 
factors, we started with certain assumptions, and at the termination of the study 
our infoimation had not greatly increased. For example, it was reasonable to 
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whom tlie diagnosis of myocarditis was made, and in these patients the P-R 
interval did not tend to change significantly as recovery progressed. In two 
patients with no other evidence of myocardial abnormality, a P-R interval of 
0.24 second was found. These patients were considered to have possible myo- 
cardial complication. Tracings were taken repeatedly. After a number of 
weeks, despite the persistence of the long P-R interval, one of them was recondi- 
tioned and sent to duty; the other was reassigned on neuropsj^cliiatrie grounds. 
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Fig’. 4. — Prolsable myocarditis. Only the precordial leads are shown. Onset of cutaneous 
diphtheria September 8. Severity of lesions graded as 4 plus. There was no neuriUs. 
Antitoxin was not given. Tliere were no cardiac symptoms. The T waves in CRs were in- 
verted in tlie first tracing, made on October 6 (twenty-eighth day). T-wave changes ’f^ere 
most pronounced on October 18, less marked on November 8, and normal on November 24 
(seventj'-fifth day). Ti was flat in the tracing of October G and became progressively higher 
during the period of the return to normal of the T waves in CRs. The tracing was otherwise 
normal. The duration of electrocardiographic abnormality was forty-seven days. 


We doubt that this finding was a manifestation of diphtheritic myocai'ditis. 
In the patient who died, P waves could not be definitely identified. One patient 
with definite myocarditis had a consistently short P-R interval tvith intermittent 
P wave inversion in all leads. (4) Abnormalities in the QRS complex were not 
striking. The amplitude was a little low in some instances and pronouncedly 
so in the patient who died. He also had very abnormal QRS complexes in the 
chest leads. Intraventricular conduction defects were not observed. (5) The 
most marked abnormalities were in the T waves, especially in Lead CR 3 . De- 
pression or frank inversion of the T wave in this lead was the one consistent 
finding, occurring in all of the patients in whom the diagnosis was made with 
the exception of the one who died. Pigs. 1, 2, 3, and 4 are representative tracings 
from the patients in this series. 
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relation of cardiac to neuritic complications. It was the general impression that 
antitoxin would be of little or no benefit except in the earliest stages of the skin 
disease. 

As a result of our experience with 140 cases, the folloYung impressions have 
been formed regarding cardiovascular management : 

1. Patients in whom the diagnosis of cutaneous diphtheria is suspected 
should be immediately evacuated to a general or station hospital wliere adequate 
i'acilitips for isolation, treatment, and sludj'- (including electrocardiography) are 
available. 

' .Among the patients whose skin le.sions were mild or minimal, prolonged 
confinement to bed resulted in more psychological and physical disability than 
was warranted by the potential danger of mjmearditis. This selected group 
should be given freedom of the ward, cardiac symptoms should be carefully in- 
vestigated, and tracings should lie taken about every two weeks until three 
weeks after the cutaneous lesions have begun to heal. If no evidence of 
abnormality is then found, further cardiac study is unnecessar,y. 

3. Patients with severe cutaneous diphtheria should be confined to bed and 
closely observed. Tracings should be made eveiy week or ten days until about 
scA^en weeks after tlie onset of the lesions. Periodic tracings should be made for 
an even longer period if the actmty of the cutaneous lesions is unusually pro- 
longed. If at that time there is no evidence of myocarditis, activity may be 
rasumed. A final tracing should be taken at about the tenth week. 

4, In regard to the use of antitoxin, further information is needed. The 
possibility has been considered that large doses (200,000 to 400,000 units) might 
have more evident beneficial effects than doses of 20,000 or 40,000 units. 

Gomiwison Wiih the Mijocarclial Gomplicaiions of Faucial Diplitkena . — 
The myocarditis Ave haA'e obserA'-ed as a sequel to cutaneous diphtheria resembles 
that AA’hich complicates the faucial form -in scA^eral respects. In either instance 
the signs and s.>onptoms of seA’^ere myocarditis are similar and dramatic, but in 
the milder forms are not striking.^''^’ ® AVhen death does not occur in the acute 
]ihase of the complication, the prognosis for ultimate complete recovery is 
excellent.*’ The pathologic findings in our fatal case resembled those described 
in the myocarditis of faucial diphtheria.’’’ ® It is of especial interest to compare 
our series of 140 cases of cutaneous diphtheria AAuth the series of 140 cases of 
faucial diphtheria AA’-hich Burldiardt, Eggleston, and Smith® folloAved with 
especial reference to cardiac and neurological complications. TAventy-three of 
their patients developed T-AA’ave changes, principally during the second and 
third Aveeks of the illness. Similar T-aa’-ra^c changes developed in six of our 
patients betAveen the fourth and seventh Aveeks. In their series, 17 patients 
slioAved conduction defects betAA’^een the fifth and thirteenth daj^s of the 
diphtheria; in our one fatal case, in AAdiich the myocarditis developed on the 
thirtj'-eighth day, an A-Y dissociation may have been present. Fourteen fatali- 
ties occurred in their series, one occurred in ours. In both series, neuritis was 
associated Avith myocarditis in high incidence. It AAmuld thus appear that the 
myocarditis which folloAVs cutaneous diphtheria is essentially identical Avith that 



752 


AMERICAN HEART JOURNAL 


assume that any local or general therapeutic measures which would reduce the 
severity and duration of the cutaneous lesions would also reduce the frequency 
of tlie complications. These therapeutic methods are discussed in detail 
elsewhere.^ It may be stated in brief that the most important factors were 
lest, local hygiene, and ihe prompt injection of antitoxin. A variety of local 
medications as well as systemic sulfonamides and penicillin Avere tried with in- 
different results. 

Of the seven patients vdio dci’cloped definite or probable myocarditis, only 
one had received antitoxin. This was a patient in whom the diagnosis of prob- 
able myocarditis Avas made only two days after the serum AA^as injected. Despite 
tliis obsei'Amtion, no conclusion regarding the direct efficacy of antitoxin as a 
prophylactic agent can lie clraAim; many other considerations AA'^ere immlved. In 
the early cases, in AAdiich antitoxin AA’as rarely giA’^en and limitation of actiAuty 
Avas not enforced, the slcin lesions were generally much more seA’^ere than the 
later cases in AAdiieh treatment Avas noneffeetive; it AA-as from this early group 
that six of the seA-'en eases of mj'oearditis Avere derived. LikeAAuse, myocarditis 
AAms never seen to develop in anj’- patient after he had been restricted to bed; 
but for the same reasons, the Aurtue of this measure is difficult to assess. 

Six of the seven patients Avith myocarditis recovered. The only therapeutic 
measure employed Avas bed rest until all evidences of abnormality had disap- 
peared. None of these patients at any time appeared to be in serious danger 
from his cardiac disease; therefore, a conseiwatm policy seemed justified and 
exiDerimentation contraindicated. In the patient AAdio died, the diagnosis Avas 
not made until about eighteen houi's before death; bed rest, morphine, and 
oxygen AA^ere the measures used, but in view of the condition of the myocardium 
at autopsjq it seems doubtful that any therapy instituted at that late date 
Avould have influenced the outcome. 

TJltimate Disposition . — Of tlie four patients in AA'hom the diagnosis of myo- 
carditis Avas definite, one died, one was reassigned to noncombat duty, and 
tAvo Avere returned to the United States, primarily because of neuritic rather 
than cardiac complications. Of the three patients in AAdiom the diagnosis AA^as 
probable, one returned to full combat duty, one Avas reassigned to noneombat 
duty because of indolence of his skin lesions, and one AA’as returned to the 
United States for reasons unrelated to his diphtheria. In all, no patient Avas 
confined to the hospital more than one hundred foui’teen days for cardiac 
study or treatment ; some remained longer, but for other reasons. 

Discussion of the Manage^nent. — ^At the beginning of the epidemic aa’c AA^ere 
not sure that aa^c AA^ere dealing Avith cutaneous diphtheria. The dermatologist 
had suspected the possibility, yet aU cultures had been negative. The death of 
a patient from a cardiac complication immediately focused our attention on the 
etiology, and gave rise to a strict set of rules for management and careful cardiac 
study of all cases. Although there is a great deal of literature on postfaueial 
diphtheritic m3mcarditis, very little information aa^s available to us about the 
cardiac complications of cutaneous diphtheria. Nothing Avas ImoAvn concerning 
the incidence, time intervals, correlation Avith severity of cutaneous lesions, or 
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damage to the myocardium and consider them to have little or no prognostic 
value. "We are not entirely in agreement ndth this opinion, in \dew of the clinical 
evidence of heart disease in three of oiir patients in whom the electrocardio- 
graphic changes were of the T-wave tj^^e. Onr view that T-wave changes do 
have prognostic value is supported by an example of severe heart disease 
following faucial diphtheria. The symptoms and signs in this patient resembled 
those of a severe coronary occlusion. The first tracings taken shoAved only marked 
E.S-T segment and T-wave abnormalities, but intraA'entrieular conduction de- 
fects developed a feAV days later (Pig. 5). We feel that the ES-T segment and 
T-AAmve abnormalities are the result of an early or mild myocardial invoh^ement 
and are potential iDrecursors of later, more serious involvement. 

SUMMARY 

1. The myocardial complications Avhieh developed in a group of 140 patients 
with cutaneous diphtheria have been considered. 

2. Shortly after cutaneous diphtheria was first obseiwed in this hospital 
we became impressed with the gravity of the myocardial complications, and 
measures were instituted in an effort to recognize this complication early and to 
preA'ent death from this cause. The measures adopted may have been more 
stringent than necessary. 

3. Definite myocarditis appeared in four patients, one of whom died. The 
diagnosis was considered jirobable in three additional patients, an incidence of 
0 per cent. In scAmi other patients the diagnosis could not be excluded 
entirely. 

4. The symptoms, signs, laboratory studies, and electrocardiographic find- 
ings in these patients are discussed. 

. 5. Cardiac eomiilications dcA^eloped from the fourth to seventh Aveek after 
the onset of the skin lesions. Their duration Avas from one to three months. 
All patients who survived shoAved no evidence of cardiac abnormality after 
four and one-half months from the onset of the skin lesions. The electrocardio- 
graph is an essential in the diagnosis and evaluation of the myocarditis. 

6. A definite parallel relationshijj existed betAveen the severity of the 
cutaneous lesions and development of cardiac complications. Of 18 patients Avith 
A'^ery severe cutaneous diphtheria, four (22 per cent) deA’-eloped myocarditis; 
AA'hereas the complication did not appear in any of the 50 patients in whom 
the cutaneous lesions Avere mild. 

T. Neuritis deA’-eloped as a complication in the three patients Avith definite 
mjmearditis aa4io suiwived, and in one of tlie three patients in AA’hom the diagnosis 
of myocarditis Avas probable. The onset of neuritis either preceded, or coincided 
Avith, or folloAved the onset of the myocarditis. 

8. It is concluded that myocarditis is an infrequent complication of 
cutaneous diphtheria, but one which must be especially considered in any patient 
in AA’hom the degree of cutaneous involvement is severe. 

The author is indebted to Colonel Erancis G. Wood for his many helpful suggestions 
and to First Lieutenant Thelma Cline for invaluable technical assistance in the course of tliis 
stud3\ 
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THE PKESENCE AND PATHOGENESIS OF ENDOCARDIAL AND 
SUBENDOCARDIAL DEGENERATION, MURAL THROMBI, AND 
THROMBOSES OF THE THEBESIAN VEINS IN CARDIAC 
FAILURE FRO]\I CAUSES OTHER THAN 
MYOCARDIAL INFARCTION 

]\L\jor Joseph E. Flynn, ]\I.C., ^ind Captain Franic D. IMann, M.C. 

Army of the United States 

F ibrosis or filinnoid changes of the endoeardinm, Yoth or without a leuco- 
cytic infiltration, and hydropic degeneration of the subendocardial myo- 
cardium are commonly f oiuid in iioninfarcted hearts of patients having signs and 
sjmiptoms of congestive heart failure, regardless of the etiologj^ of the failure. 
i\Iuch less eommonlj", in addition to the endocardial fibrosis and subendocardial 
hydropic degeneration, ventricular mural thrombi and thromboses of the 
thebesian veins may occur. In the following two case reports all of the afore- 
mentioned morphologic changes were present. 

CASE REPORTS 

Case 1, — 

Clinical Eistory . — On Jan. IG, 1945, the patient, a 29-year-old white man, was admitted 
to the hospital complaining of hoarseness, pain on swallowing, and persistent cough. In 
March, J.94.3, he had a brief episode of hoarseness. The hoarseness recurred in June, 1944, 
and persisted. In December, 1944, lie began to cough and lose weight. The idiysical examina- 
tion revealed hoarseness and diffuse audible pulmonary rales. A laryngoscopic examination 
showed swelling, infiltration, and ulcerations of both false and true vocal cords. The complete 
blood count, sedimentation rate, and urinalysis were ndthin normal limits. The Kalm test 
for sj'philis was negative. The sputum was positive for acid-fast bacilli. An x-ray film 
of the chest revealed widely disseminated densities throughout both lung fields. Planigraphic 
films showed two small cavities in the left upper lobe. 

The patient was put on bed rest and given a high-caloric, high-vitamin diet. He was 
uncooperative in the maintenance of bed rest and voice rest. His sjonptoms became pro- 
gressively worse and there was progressive weight loss. He died with manifestations of circu- 
latoiy failure on April IG, 1945, 

Clmical Diagnosis. — ^Bilateral, pulmonary, tuberculosis, with cavitation in left upper 
lobe; and tuberculous laryngitis. 

Necropsy Abstract . — The left lung weighed 1,050 grams and the right weighed 1,308 
grams. Both lungs were heavy and firmly consolidated. In the left lung near the medial 
border in the upper lobe there were two cavities, each measuring 3 cm. in diameter. They 
contained thin reddish gray fluid. The wmlls were thin. On section, the cut surfaces of 
the lungs were everywhere studded with innumerable small white tubercles. These were 
fairly uniform in size, averaging about 4 mm. in diameter. Most were moderately hard 
and stood out from the cut surface. A few yellowish caseous areas were noted in the apices 
and in the hilar region. These areas measured 1 to 2 cm. in diameter. A fe-w dense strands 
of grajdsh blue fibrous tissue were noted running through the lung in the same regions. 
A moderate amount of turbid grayish red fluid flowed from the cut surface. 

Received for publication Oct, 13, 1945. 
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Kig-. 2. — Case 1. Photomicrograph of right ventricular myocardium showing thrombosed the- 
besian vein. (XIOO.) (U. S. Army Medical Museum, Negative 89592.) 
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Pig. 3. — Case 1. Photomicrograph showing widening of the endocardium of the right 
ventricle, fibrinoid change of the connective tissue, and infiltration by polymorphonuclear 
leucocytes, (X700.) (U. S. Army' Medical Museum, Negative 89590.) 
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rVi f r enlarged; its weight was 480 grains. There was distinct 

dilatation of the right side. The epicardiurn was smooth and intact and contained a 
moderate amount of pale yellow fat. The endocardium of the left auricle and .^utricle 
wms .smooth and translucent. The foramen ovale was closed. The right auricle and 
ventricle were filled with a large soft currant- jelly clot. On removing this clot, numerous 
gray rounded mural thrombi were seen to almost completely line the right ventricle. These 
thrombi were dnnly adherent to the endocardium. They were lodged between the trabeculae 
carnae, and their smooth, rounded surfaces projected slightly into the lumen of the chamber. 

■ A moderate number of similar thrombi, although smaller in size, were found in the right 
auricle. The valves wmro all normal. The aortic cusps were thin and accurately apposed 
at , the commissures. The mj'ocardiura presented a normal pattern of libers. It was pale 
gray red in color. The left and right ventricular wmlls measured 1.3 and 0.8 cm., re.spec- 
tively, in thickness. The increase in the size of the heart was mainly accounted for 
by the right ventricular lij-pertrophy. The coronary arteries presented clear lumina of 
good caliber in all main branches. Their intimal surfaces were smooth and white. 



Fiff. 1. — Case 1.' Fhotoeraph of rigrlit ventricle showing- the mural thrombosis In tJm 
interspaces of the trabeculae airnae and the thrombosis of a thebesian vein, ixruui- ioj. k. 
Army Medical Museum, Negative 89589.) 


On the anterior wall in the upper portion of the esophagus there were irregular ulcera- 
tions measuring 2 to 4 mm. in diameter. The larynx showed marked ulcerations of both 
the true and false vocal cords. The mucosal surfaces were covered with irregular shallow 
ulcerations. Similar ulcerations were present on the posterior surface of the epiglottis. 

Microscopically, the lesions of the lungs, epiglottis, and esophagus all showed the 
typical morphologic changes of tuberculosis. Acid-fast rods were easily demonstrated in 
the various lesions. No appreciable sclerosis of the pulmonary vessels wms noted. The 
histologic sections through the right ventricle revealed the mural thrombi to be made up 
of areas of platelets mixed with polymorphonuclear leucocytes, alternating -nuth areas of 
erythrocytes. A considerable proportion of the erythrocytes was well preserved. Thrombi of 
the same structure blocked and massively distended the thebesian veins. Some smaller 
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Case 2. — 

Clinical History . — Tlie patientj a 49-year-oId white man, was admitted to the hospital on 
Sept. 27, 1943. He had been hospitalized fourteen times for congestive failure. His first 
hospitalization was in 1930, when he gradually developed edema, ascites, dyspnea, and 
palpitation. The.<e syinj)toms were at first mild but gradually increased in severity. Previous 
to his first hospitalization he had been well exeejit for gonorrhea in 1915 and recurrent attacks 
of tonsillitis, the last of which occurred in 1932. At the time of his first cardiac episode in 
1930, after being hospitalized for sixteen weeks, lie recovered sufficiently to return to military 
duty. In 1932, symptoms of cardiac decompensation recurred. This time he was given a 
medical discharge after fourteen years of service in the Army. Between 1932 and 1940 there 
were repeated episodes of heart failure, and hospitalization was required six times during 
this period. 

On admission to the hospital in 1940, his chief complaints were dyspnea and orthopnea 
following an acute upper respiratory infection of seven days’ duration. Physical examination 
revealed a blood jjressure of 110/90 and evidence of pulmonary edema. There was a 2 plus 

c. 

albuminuria and a 2 idus pyuria. The blood nonprotein nitrogen was 30 mg. per 100 cubic 
centimeters. A diagnosis of “myocarditis with congestive heart failure” Avas made. The 
patient was treated with digitalis, rest, and diuretics. He was discharged as improved. 

He Avas readmitted to the hospital in October, 1941, complaining of dyspnea, anorexia, 
cramps in the leg muscles, vertigo, and syncope. The blood pressure Avas 102/88. The heart 
Avas not enlarged. No cardiac murmurs or disturbances in the heartbeat AA'ere present. Gastro- 
intestijuU roentgenographic studios Avere normal. There AA-as a 1 plus albuminuria. The 
diagnoses of generalized artAjrioscIerosis and mild cardiac decompensation were made. 
He Avas treated for congestive heart failure, from Avhich he again recovered. He was re- 
admitted to the hospital on Dec. 30, 1941, because of shortness of breath, edema of lower 
abdomen and legs, dy.<^uria, and epigastric distress. There AA'ere no chest pains. Physical 
examination rcA-ealed distended neck A’ein.s, evidence of pulmonary congestion, and slight 
enlargement of the liver. The heart Avas enlarged, maximum intensity of the apex heart- 
beat being in the sixth intercostal space in the anterior axillary line. The pulmonary second 
sound AA-as accentuated. There Avas moderate arteriosclerosis; the blood pressure was 120/90. 
In spite of the fact that typical murmurs Avere not heard and in spite of the fact that an 
x-ray film of the chest Avas not confirmatory, a diagnosis of mitral stenosis Avas made. The 
complete diagnosis on discharge was mitral steno.^is and relative miti-al insufficiency, generalized 
arteriosclerosis, hypertrophy of left ventricle, first degree auriculoventricular block, myocardial 
degeneration, and myocardial insufficiency. 

The tAvelftli hospital admission for conge-sth-e heart failure took place on Oct. 10, 1942. 
One examiner reported the f olloAving : ‘ ‘ This patient is a classical mitral stenosis type Avith 

right-sided failure, AA'hich goes into decompensation repeatedly.” The maximum intensity of 
the apex beat Avas reported in the sixth intercostal space at the anterior axillary line. The 
heart sounds Avere diminished in intensity. The pulmonary second sound was accentuated. 
There Avas a rough, short presystolic murmur in the mitral area, with the suggestion of a 
diastolic murmur at the base of the heart. The heart rate was 72 per minute and the 
rliythm was regular. An electrocardiogram shoAved P-R inteiwals of 0.22, 0.26, and 0.24 
second. After digitalization and rest the symptoms of cardiac failure disappeared. 

The patient Avas readmitted to the hospital for the thirteenth time on Dec. 9, 1942, be- 
cause of the recurrence of congestive heai't failure. Examination revealed enlargement of the 
liver, ankle edema, distention of neck veins, and arteriosclerosis of the peripheral A’essels. The 
blood pressm-e Avas 120/70. The electrocardiogram shoAA-ed persistent first-degree auriculo- 
ventricular block, intraventricular block, and T-AvaA’e changes indicating diffuse myocardial 
damage. A pres.A'stolic apical murmur, loir-pitched and rumbling, and a high-pitched diastolic 
apical muimur were heard. Enlargement of the left ventricle and left auricle was present. 
The congestive heart failure responded to digitalis, rest ; and diuretics. 

The fourteenth and last admission took place in September, 1943. Physical examination 
showed the skin to be dry, cool, and slightly cyanotic. There Avas evidence of intrapulmonary 
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I rombi were found m veins deep in tlie myocardium and even in the epicardiuni. In many 
places the endocardium itself ivas infiltrated with polymorphonuclear leucocytes. Under suci. 
an infiltrated area, a thin layer of subendocardial myocardium stained a deep pink, and showed 
pylmotic nuclei. Elsewhere some of the subendocardial muscle fibers were swollen and pale 
staining. There was a difruso sprinkling of lymphocytes in many areas of tlie myocardium. 
These were accompanied b}- occasional polj-niorphonu clear leucocytes and large mononuclear 
cells. Small foci of these cells were occasionally seen beside blood vessels. The right auricle 
showed the same changes as the right ventricle. The left ventricle showed only slight .swelling 
and vacuolization of the subendocardial muscle fibers. 



Eig. 4. — Case 1. Photomicrograpli showing two tlirombosed thebesian veins of tlie right 
ventricle. (X69.) (U. S. Army Aledical Museum, Negative 89591.) 


Anatomic Diagnosis . — ^Bilateral pulmonary tuberculosis with captation of the left 
upper lobe; tuberculosis of the larynx and esophagus; degenerative changes in the endocardium 
of the right auricle and ventricle, with mural thrombi; thromboses of the thebesian veins of 
the right auricle and ventricle; hj'pertrophy and dilation of the right ventricle; bilateral 
lobular pneumonia. 

Com-vient . — This case” of rapidly progressive pulmonary tuberculosis was al- 
ready far advanced when medical attention wa.s songlit. The patient's terminal 
signs were those of circulatory failure. At autopsy, tuberculosis was found to 
involve principally the liuigs and lai’jmx. The right side of the heart was dilated 
and lined vdtli mural thrombi. There was fibrinoid degeneration and leucocytic 
infiltration of the endoeardinra in these chambers. The thebesian veins were 
dilated and fresUy tlirombosed. Since the pulmonarj- vessels were normal, the 
dilatation of the heart was presumably the result of a toxic effect of the infec- 
tion on the myocardium. 
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Fier. 5. — Case 2. Photomicrograph of right ventricular myocardium showing marked 
endocardial fibrosis and hydropic degeneration of the subendocardial myocardium. (X130.) 
(U. S. Army Medical Museum, Negative 87901.) 



Pig. 6. — Case 2. Photomicrograph of left ventricle showing mural thrombus formation 
and endocardial fibrosis. In the subendocardial myocardium there is an inflammatory cell in- 
filtration and extensive myomalacia witii replacement fibrosis. The islands of surviving muscle 
fibers show marked hydropic degenei’ation. The identity of the thebesian veins is lost in the 
fibre tic tissue. (X130.) (U. S. Army Medical Museum, Negative 87904.) 
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and of pleural fluid, moderate arteriosclerosis, absence of pulsation of the dorsalis pedis 
arteues of both feet, moderate bilateral varicosities, and moderate ankle edema. Tlie Wood 
pressure was 108/7(5. The lieart was markedly enlarged to the left, with tlie maximum intensity 
of the apex beat in the sixth intercostal space at the anterior axillary line. There was an 
apical systolic murmur, soft and blowing. The neck veins were distended. Slight enlarge- 
ment of the liver was noted. No ascites was present. On this admission albuminuria and 
moderate secondary anemia were present. The electrocardiogram revealed evidence of severe 
myocardial damage, first degree auriculoventrieular block, and left axis deviation. An x-ray 
tilm of the chest showed left ventricular enlargement and pulmonary congestion. During this 
admission the patient ran the gamut of all phases of congestive heart failure, showing nearly 
every typo of cardiac arrhythmia and heart block. He had difficulty in voiding and required 
catheterization. Hemoptysis and leucocytosis appeared during the final two days. He ex- 
pired at 11:05 a.m:., Nov. 19, 1943. 


Clinical Diagnosis, Heart disease. (A) Etiological: (a) rheumatic fever, quiescent; 
(b) moderate generalized arteriosclerosis. (B) Structural: mitral stenosis and insufficiency; 
hypertrophy and dilatation of left and right ventricles ; myocardial degeneration and in- 
sufficiency; pulmonary infarction. (0) Physiologic: auricular fibrillation; auricular 
paroxysmal tachycardia; A-V and bundle branch block. 


Necropsy Ahstract.— The heart weighed 485 grams. All chambers showed moderate 
liypertrophy and marked dilatation. The right auricle was especially dilated and the great 
veins leading into it were distended with blood. On the anterior surface of the left ventricle 
was an irregular milky white plaque about 3 cm. in diameter. The epicardium was otherwise 
smooth and intact; it contained a moderate amount of fat. Adhering to the endocardial 
surfaces of both ventricles, especially between the trabeculae carnae, were numerous mural 
thrombi. Most of these were red and showed fine white layers on section. They measured 
up to 3 cm. in diameter. Some of the thrombi were gravdsh brown and showed slight central 
softening. Both of the auricular appendages were filled and distended with thrombi. The 
tricuspid valve measured 12.5 cm.; the pulmonic, 8 cm.; the mitral, 10 cm.; and the aortic, 
7 centimeters. The tricuspid leaflets were thin, delicate, and translucent ; the chordae tendineae 
attaching to them were thin and disei’ete. The pulmonic valves appeared normal except for 
distinct dilatation of the ring. The mitral leaflets were of normal configuration, thin, and 
delicate; their chordae tendineae were thin and showed no fusions. The aortic cusps were 
thin and accurately apposed at the commissures. The myocardium was brownish red nith 
a striking yellowish gray cast, and of rather flabby consistency. The fibers were pooi-ly defined. 
Scattered through the myocardium were tiny translucent gray areas measuring 1 mm. or less 
in diameter. These were located principally in the regions beneath the mural thrombi. In the 
region of the apex, the wall of the left ventricle was thinned, measuring in places no more 
than 5 millimeters. In this area strands of gray fibrous tissue were noted in the myocardium. 
The endocardium over these areas was tliick, white, and fibrous. Elsewhere the left ventricular 
wall averaged 1.4 cm. in thickness, wlule the right ventricular wall averaged 0.4 centimeter. 
All piincipal branches of the coronary arteries were of large caliber; there were no occlusions. 
The walls of these vessels were elastic, and their intimal surfaces were white and perfectly 
smooth. 

Microscopic sections through the mural thrombi showed striking degeneration and 
fibrosis of the endocardium and subendocardial myocardium beneath the thrombi. In the 
trabeculae carnae the muscle fibers were almost completely replaced by loose fibrous tissue 
containing considerable numbers of young fibroblasts. The outlines of groups of muscle fibers 
were represented here and there by fibrinoid material staining bright pink. The fibrous tissue 
was highly vascular and contained numerous large capillaries, which were for the most part 
congested. There were many ecchymoses. Numerous large and small mononuclears and pig- 
ment-filled mononuclear macrophages were scattered through the fibrous tissue. There were 
a few polj^morphonuclear leucocytes. The mural thrombi were densely adherent to this de- 
generate endocardium and subendocardium. The endothelium was entirely destroyed. The 
capillaries and fibi-ous tissue grew from the endocardium into the thrombi at various points. 
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CASE 

RACE 

SEX 

AGE (YR.) 


A-41 

Wliite male 
51 


A-14 

lYhite male 
42 


A-11 

White male 
50 


A-12 

White male 
60 


A-24 

White male 
70 


A-7 

AVhite male 
46 


A-34 

IVhite male 
76 


A-29 

Wlidte male 
73 


Table I 


D-ORATION OF 
VENTRICULAR 

CARDLtC PATHOLOGY FAILURE 


Weight 555 gi’ams. Marked hypertrophy 2 weeks 

and dilatation of right and left ventricles. 

Slight to moderate coronary arterio- 
sclerosis. Slight myocardial fibrosis. 

Slight subendocardial hydropic degenera- 
tion and fibrosis of the interventricular 
septum 

Weight 470 grams. Slight right- and left- 1 month 

sided hypertrophy and dilatation. No 
appreciable coronary sclerosis. Eheu- 
m a t i c panmyocarditis. Myocardial 
fibrosi.'!. Marked left ventricular sub- 
endocardial hydropic degeneration 


ETIOLOGY 


Hj^ertensive 
heart disease 


Weight 470 grams. Dilatation and hj'per- 1 year 
trophy of right ventricle, dilatation of 
left ventricle. Marked coronary sclerosis, 
klyocardial fibrosis. Marked left ven- 
tricular subendocardial lu’dropic degen- 
eration and marked fibrosis 

Weight 720 grams. Eight- and left-sided 2 years 
hypertrophy and dilatation. Slight to 
moderate coronary sclerosis. Slight left 
ventricular myocardial fibrosis. Left 

ventricular subendocardial necrosis and 
fibrosis 

Weight 500 grams. Marked left-sided hyper- 8 years 
trophy and dilatation. Coronary arterio- 
sclerosis. Left ventricular myocardial 
fibrosis. Extreme left ventricular sub- 
endocardial hydropic degeneration and 

necrosis. Thebesian vein thromboses, left 
ventricle. Mural thrombi, left ventricle 

Weight 750 grams. Hypertrophy and 6 month 

dilatation of all chambers. Marked 
coronary arteriosclerosis. No coronary 
occlusion. Left ventricular endocardial 
fibrosis. Slight h 3 'dropic degeneration of 
subendocardial mj'ocardium of left ven- 
tricle. Mural thrombi left ventricle and 
right auricular appendage. Thromboses 
of thebesian veins, left ventricle 

Weight 730 grams. Hypertrophy and 3 years 

dilatation of left ventricle. Subendo- 
cardial hydropic degeneration of left 
ventricle. Marked sclerosis of coronary 
vessels 

Weight 570 grams. Left ventricular hyper- 
trophj' and dilatation. Slight coronary 

arteriosclerosis. Fibrinoid necrosis of 6 daj's 
endocardium of left ventricle. Hydropic 
degeneration of subendocardial myo- 
cardium of left ventricle 


Rheumatic heart 
disease 


Coronarj’ sclerotic 
heart disease 


Hypertensive 
heart disease 


Coronar}* sclerotic 
heart disease 


6 months Hj'pertensive 
heart disease 


3 years Hj^ertensive 
heart disease, 
coronary sclerosis 


Hypertensive 
heart disease 
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The thrombi seemed to be of varying ages; some appeared to be fairly recent. Large groups 
of erythrocytes in various stages of preservation altei-nated mtli areas of fibrin and poly- 
morplionnclear leucocytes. In the otlier portions of the thrombi dense strands of condensed 
fibrin threads staining bright pink were noted. Practically all of the trabeculae carnae were 
degenerated. In places other tliaii the trabeculae carnae, the degeneration usually extended 
for variable distances below the endocardium. Organized thrombi within their lumina had 
converted the thebesian veins into solid cords of fibrous tissue. The coronary arteries appeared 
to be normal. The muscle fibers elsewhere in tlie myocardium w'ere in some instances large 
and pale-staining. There appeared to be a distinct increase ;in the number of capillaries; 
many were congested. Sections through the auricles showed their endocardium practically 
covered with thrombi, the majority of w'hich were rather recent. The subendocardial myo- 
cardium showed degenerative changes essentially similar to those in the ventricles except that 
the degeneration was present only in scattered areas and involved onl}- a very thin layer of 
myocardium. Several of the larger myocardial veins contained thrombi, presumably the result 
of propagation from the thebesian veins. The remaining findings are listed in the anatomic 
diagnoses. 
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deg’eneration are related to incomplete emptjdng of the dilated failing ventricle, 
\ntli a resultant intraventricular stasis of blood having a reduced ox 3 ’'gen con- 
tent. It has been established that a narrow zone of the ventricular and intra- 
ventricular subendocardial myocardium is nourished from blood contained 
vdtliin the ventricular cavities themselves. "When mural thrombi are not pres- 
ent, the subendocardial hydropic degeneration is limited to the naiTow zone 
usually spared in myocnrdial infarction.^ As a result of the circulatory stasis, 
oxj'genation and nutrition of the subendocardial tissue are inadequate. The 
inadequate oxygenation and nutrition become manifest anatomically by hj^dropic 
degeneration and by necrosis and fibrosis of tlie tissue in this region. Such a 
sequence of events often leads to the foiination of mural thrombi and to thrombo- 
sis of the thebesian veins in the involved areas. 

The question of the clinical and phj^siological significance of these related 
phenomena may be justifiablj’ raised altliough not conclusively answered by 
the data given here. In the second ease report, a clinical and pathologic study 
yielded no adequate explanation of the repeated bouts of cardiac decompensa- 
tion. It seems conceivable that following an initial episode of failure, caused 
])ei‘haps by beriberi or some obscui'e toxic myocarditis, the heart may have 
been left funetionallj’’ impaired, due to the moriihologic changes described in tliis 
report. The correlation lietween the degree of anatomic valvular or peripheral 
vascular handicap of the heart and the severity of clinical heart disease is often 
not close. It is suggested therefore that these changes caused bj^ intraventricular 
circulatory stasis in heart failure may predispose the heart to further episodes 
of decompensation. 

SUMMARY 

The cardiac pathology of 10 cases of heart disease which were characterized 
clinically by signs of myocardial insufficiency, and anatomically by ventricular 
dilatation, is given. Four of the patients had hypertensive heart disease; one, 
rheumatic heart disease; two, coronaiy arteriosclerotic heart disease; one, hyper- 
tension with coronary arteriosclerotic heart disease; one, a possible toxic myo- 
carditis; and one, possible beriberi heai't disease. In all 10 cases there Avas a 
hydropic degeneration of the subendocardial myocardium of the dilated ven- 
tricle. In nine of the cases there Avas degeneration of the endocardium, either 
in the foim of endocardial fibrosis or fibrinoid necrosis Avith or AAuthout leuco- 
cytic infiltration. In four of these cases there Avas, in addition to the endo- 
cardial and subendocardial degeneration, extensive mural thrombi and throm- 
boses of the thebesian A’-eins. The suggested pathogenesis of the afore-mentioned 
alterations is intraventricular circulatoiy stasis, AAdth inadequate oxygenation 
and nutrition of the portion of tissue normally supplied by blood in the A’^entricu- 
lar cavity, 

CONCLUSIONS 

1. Endocardial and sulDendocardial myocardial degeneration are common 
morphologic alterations in patients dying of congestive heart failure. 

2. FoUoAAung subendocardial degeneration, mural tlu-ombi and thromboses 
of the thebesian veins may occur. The thromboses of the thebesian veins are 
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carditis, old or recent. All four chambers of the heart were lined by mural 
thrombi shading; from red to gray. There was extensive endocardial fibrosis and 
subendocardial liydi-opie^ degeneration. The thebesian veins in these areas con- 
tained completely organized thrombi, maldng identification of the vessels diffi- 
cult. No significant coronary aiderioselerosis was present. The heart valves 
wei^e all normal. The etiology of the heart disease in this case is obscure. Simi- 
lar eases have been ascribed, by Dock,^ to beriberi. Smith and Furth=> reported 
five eases in which there were cardiac hj^pertrophy and dilatation, and fibrosis of 
the endocardium and myocardium wnth mural thrombotic formation not at- 
tributable to arteriosclerosis, hypertension, or valvular heart disease. They 
raised the question as to whether the cardiac findings were associated with a 
deficient diet. In the ease reported in this paper the patient was in comfortable 
economic circumstances during the latter part of his clinical course. At the 
onset of his illness he was in the Army, presumab^v eating at an Army mess. 

> tabulated cases 

To determine the relative frequency of endocardial and subendocardial de- 
generation, mural thrombi, and thrombosis of the thebesian veins, eight au- 
topsied cases of cardiac failure which were studied at necropsy were selected 
and the cardiac findings were talnilated. The criteria used in selecting these 
eases were clinical evidence of congestive failure and absence of anatomic evi- 
dence of mjmeardial infarction. 

The etiologj’' of the cardiac failure in the eight tabulated eases and the de- 


tailed ease reports follow : 

Hypertensive heart disease 4 cases 

Rheumatic heart disease 1 ease 

Coronary arteriosclerotic heart disease 2 cases 

Hypertension and coronary aiferiosclerotic heart disease 1 case 

Toxic mjmeardial disease 1 ease 

Bei'iberi (?) 1 ease 


Special stains indicated that the hydropic appearance is not related to 
glycogen deposition. In four of the cases fat stains showed the hydropic fibers 
to contain finely divided lipid. 

DISCUSSION 

It is to be noted that from an anatomic standpoint these 10 cases have in 
common the anatomic finding of cardiac dilatation and from a clinical stand- 
point evidence of ventricular failure. In all 10 hearts there was hj^dropic de- 
generation of the subendocardial myocardium of the dilated ventricle. In nine 
there was degeneration of the endocardium in t])e fonn of either fibrosis or 
fibrinoid necrosis. In four of these eases there were, in addition to the endo- 
cardial and subendocardial degeneration, extensive mural tluombi and throm- 
boses of the thebesian veins. There were no instances of thromboses of the 
thebesian veins without mural thrombi or vice versa. The thromboses of the 
thebesian veins are undoubtedly secondary to the mural thrombus fomation. 

< It is suggested that the subendocardial fibrosis and subendocardial hydropic 
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VENTTflCULAR FIBRILLATION 

With Special Reference to the Morgagni- Adaims-Stokes Syndrome; 

Report of an Unusual Case 

Aaron B. Parsonnet, M.I)., Arthur Bernstein, M.D., 

AND Emanuel Klosk, jMJ). 

Newark, N. J. 

I N 1769 ]\rors:agni first desei'ibed a ease of cardiac syncope Avith conA'ulsiA'e 
manifestations. This report aa^s folloAA'ed b.y similar I’eports by Adams in 
1827 and by Stokes in 1846. Since these early reports, the slowmess of tlie pulse 
has been the factor emphasized by most observers." In fact, most textbook 
descriptions limit the term Morgagni-Adams-Stolies syndrome to those cases 
of sjnieope accompanied by sloAAniess of the pulse. The Criteria of the Ncav 
York Heart Association defines the Adams-Stokes syndrome as “that condi- 
tion in AA'hich there are attacks characterized b.y unconsciousness, often ac- 
companied by muscle tAA’itchings, and even general eouAuilsions. ‘These attacks 
occur in patients AACth auriculo ventricular block AAdien the A^entricular diastole 
is sufficiently prolonged to result in a sex'ere grade of cerebral ischemia.’ The 
duration and severity of an attack depend upon the length of the A’entricular 
diastole.”- The term is not applied to .syncope due to other causes. HoAAmver, 
in spite of this definition and its general acceptance, Ave feel that the concept 
of Parkinson, Papj), and Evans^ is more accurate since the original observers 
had no electrocardiographic studies by Avhich to determine the true cause of 
the bradycardia and the resultant syncope. Certainly another mechanism, 
AAdiich Ave shall discuss as a cau.sal factor of the syncopal attack, occurs AAuth 
sufficient frequency to Avarrant its inclusion in the definition of the Morgagni- 
Adams-Stokes syndrome. 

As a matter of fact, Parkinson and his co-Avorkers,^ in a careful revicAv 
of the literature up to 1941, found that .of 64 cases in Avhich electrocardio- 
graphic studies Avere made during the unconsciousness of the Adams-Stokes 
attack, almost one-half of the attacks Avere due to Amntricular fibrillation and 
tachycardia and not to ventricular standstill alone. In aucav of these data, 
it is no longer compatible AAdth fact to state that only instances of auriculo- 
ventricular or Amntricular standstill be included in this syndrome. We feel, 
therefore, that the definition proposed by Parkinson, Papp, and Evans is much 
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secondary to the mural thrombi ; the opposite is not true. These two findings 
are invariably associated. 

3. Tliese morpJiologie alterations can be explained on the basis of intra- 
ventricular circulatory stasis. 

4. It is reasonable to expect that these morphologic changes further impair 
the function of the heart. 
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prefibrillatory period was followed directly by ventricular standstill. This 
case serves to iioint out the facts that, although the three stages of Schwartz 
should be kept in mind, they are not absolute and that many cases do not 
conform to this classification, even though they are undisputed instances of 
Adams-Stokes disease. Moreover, the mere appearance of an arrhythmia prior 
to syncope does not necessarily mean that the sjmeope must be due to ven- 
tricular fibrillation, for it may also be caused by ventricular standstill alone. 

In this brief discussion of the mechanism of ventricular fibrillation in 
Adams-Stokes disease, it will be of practical benefit to point out also the other 
conditions which may be instrumental in producing the sjmdrome. Cowan 
and Ritchie,® in a review of 78 cases of complete heart block, found that only 
one-third showed the Adams-Stokes syndrome. Graybiel and Wliite,® in their 
report of 72 cases of complete heart block, showed that only 44 had bouts of 
Adams-Stokes disease. Therefore complete heart block is not the only factor 
essential to the production of the s^nidrome. Both Scherf,^° in the German 
literature, and Parkinson and his eo-wmrkers,® in the English, divide the pa- 
tients showdng Adams-Stokes syndrome into three main groups. Li the first 
group, the s;:^uicope is caused by ventricular tachycardia wuth resultant insuffi- 
cient diastolic filling. The length of time before syncope will occur depends 
on the strength of the myocardium and the state of the arterioles at the time. 
In the second group, the symptoms are due to ventricular asystole which re- 
sults from the failure of the ventricle to take over and establish its idioven- 
tricular rhythm. As w’^e have previously mentioned, when this mechanism is 
active, it is difficult to determine by clinical method whether the asystole is 
of neurogenic or myogenic origin. In the third group, syncope is the result of 
' a combination of ventricular tachycardia, with a subsequent period of ven- 
tricular asystole. 

In most of the cases reported in the literature, the patients are among the 
older age group. This further emphasizes the fact that the state of the myo- 
cardium and the patency of the cerebral blood vessels play a definite and 
important role. As we have preAuously mentioned, the only recorded case in 
the younger age group is that of a 26-year-old man, reported by Borg and 
Johnson.^ 

' We had the good fortune to observe a patient who suffered an attack of 
syncope produced by a combination of ventricular tachycardia, ventricular 
fibrillation, and ventricular standstill. We were able to record electrocardio- 
graphically the entire attack. Since only fifteen such eases are on record, this 
case has theoretical and clinical interest. 

CASE REPORT 

A. S., a 73-year-old -white housewife, -was admitted to the Newark Beth Israel Hospital, 
Dec. 11, 1943, folloudng an attack of s^meope. The past history was negative except that 
the patient had had two previous attacks of sjmcope. Five years before she had suffered 
her first attack when the door of a subway train closed upon her. Three years before our 
studies, the patient, who was an ardent horse race fan, suffered an attack of syncope as 
she was leaving the Belmont Race Track. 
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more applicable and should be generally accepted. They defined Stokes-Adams 
disease as “that condition which is seen in patients with heart block, who 
suffer from recurrent attacks of loss of consciousness due to ventricular stand- 
still, ventricular tachycardia, ventricular fibrillation, or a combination of these.” 
It is imiDortant to bear in mind that in true Stokes-Adams disease, when there 
is ventricular standstill, the auricles continue to beat, \vhereas in other con- 
ditions of cardiac syncope there may be total cardiac asystole. Thus, this 
definition excludes cardiac syncope due to neurogenic or myogenic causes, 
such as vasovagal reflexes from stimulation of the carotid sinus, paroxysmal 
ventricular tachycardia complicating nodal bradycardia, and severe myocardial 
damage such as is seen in certain infections, all of which result in attacks of 
unconsciousness simulating Adains-Stokes disease. The absence of heart block 
and the episodie nature of the attacks I'eadily distinguish them from the true 
Adams-Stokes sjmdroine. 

Ventricular fibrillation, ventricular tachycardia, and ventiucular standstill 
have usually been described in conjunction with the agonal phenomena of the 
dying heart.^ Only rarely have such arrh 3 dhmias been recorded in patients 
-who have survived for any length of time. To date, onlj'- 28 such cases have 
been recorded, 13 of which showed ventricular tachycardia and ventricular 
fibrillatio 2 i only, wdthout cardiac standstill. The reason for such paucity of 
clinical material is obvious; ventricular fibrillation is usually fatal, so that a 
study of this arrhythmia in the living is exti'emely rare and therefore always 
wortln' of careful observation and analj'sis. The mechanism for the produc- 
tion of ventricular fibrillation suggested by Wiggers® is as follows: A pre- 
mature systole appears during the vulnerable period of earlj^ diastole or late 
S 3 ’’stole when certain elements of the cardiac syncjffium have passed oixt of 
their refractory state. The impulse thus set up will Aveave its way through 
nonrefractoi’y mj’-ocardial tissue to form a small Avave front from AAdiich 
daughter excitation aa^a^s pass out oAmr large portions of the myocardium. 
Then by the phenomenon of re-entry, smaller blocks of myocardium dcAmlop 
an independent excitation. The anoxia caused by incoordinated Amutrieular 
contractions causes failure of the coronary blood floAv, which further sIoaa's 
conduction in the cardiac sjmcytium, decreasing fractionate cojitraction even 
more. This establishes the Amntricular fibrillation. 

ScliAAmrtz® diA'ided }’ecurrent A’-entricular fibrillation into (three stages. The 
first he designated as the prefibrillatory, the second as the fibrillatory, and 
the third as the postfibrillatory period. In the first stage there is an accelera- 
tion of the ventricular rate, Avith many extrasystoles of multifocal origin. The 
fibrillating stage shoAvs a high rate of bizarre ventricular complexes appearing 
in irregular fashion. In the third stage there is a variable degree of ven- 
tricular standstill foUoAved by ventricular tachycardia before the restoration 
of the basic ventricular rhythm. In this connection, it is worth mentioning 
that in 1937 Borg and Johnson" reported a case of a 26-year-old man Avith 
syncope ; they found that there was a stage of arrhythmia preceding uncon- 
sciousness. though no ventricular fibrillation occurred. In this patient the 
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Her present illness dates back to Dec, 11, 1944, when the patient was found uncon- 
scious, in the street, in front of the office of one of the authors. She was in a completely 
unconscious state. Her face was cyanotic and flushed, and the pulse and heart sounds were 
unobtainable. No localized neurological signs could be elicited on cursory examination. 


/Z 



Pig:. IB . — (Por legend see Fig. lA.) 

After several minutes, the patient vomited several times and developed clonic muscular 
twitehings involving both upper and lower extremities. During the ambulance ride to the 
hospital, she regained consciousness. Upon arrival at the hospital, her mind partially 
cleared, but she was thorougldy disoriented as to time and place and rambled vociferously. 




Fig. lA. 

Figs. lA. XB, XO, and XD . — This is a continuous tracing, taken entirely on Lead III, din-- 
ing the patient’s period of unconsciousness. Since it was started a few moments after the 
patient developed syncope, the presyncopal period is not recorded. 

There is a period of ventricular fibrillation (Strips -t and 2), followed by a short period 
of ventricular tachycardia (Strip 5). Ventricular standstill of GO.S seconds is then seen (Strips 
i to 2). The auricles continue to function during the entire ventricular standstih at the rate 
of 32 beats per minute. A few idioventricular beats then occur, followed by ventricular beats 
froni various foS (Strips JO and JJ). A period of pseudpbigeminy, as a result of bidirec- 
troi^nlcomiAeves is Alien seen followed by so-called "chaotic heart action,” in which multiple 
ve^tricSS- lof ’ produce Tdio ventricular beats of varied contour (Sti-ips J2 to 23). This 
arrhythmia continues until the basic complete heart block appears for a short time (Stnp 23). 
Then ventricular tachycardia interspersed with heart block repurs (Strips 2/, and -5). Finallj, 
the heart block is re-established as the dominant rhythm (Fig. XV). 
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Plirsical examination revealed that the patient looked her stated 73 years of age. 
She could lie flat in bed. She vas pale, rather than cyanotic. The pupils u'ere equal and 
reacted to light and accommodation. The external ocular muscles were normal, the fundi 
showed an increased silver wire elTect with prominent A-V nicking, the discs were nega- 
tive, and there were no hemorrhages or exudates. The examination of the nose and ears 
was negative. The mouth was moist and clean. The pharynx was negative; the tonsils 
were small and imbedded. The neck veins Avere not distended. There was no lymph- 
adenopathy and no thyroid enlargement. The cliest was clear. The point of maximum 
impulse was located in the fifth intercostal space outside of the midclavieular line. The 
heart sounds were of good quality; a tliird heart sound, heard between two normal beats, 
was interpreted as being due to auricular beats. A; was greater than P„. There was a 
loud, harsh, long systolic murmur at the apex, transmitted to the anterior axillary line; 
another systolic murmur, someAvhat softer, ivas lieard at the aortic area. The pulse rate 
and ventricular rate were 42 per minute. The blood pressure was 180/60. The liver, kid- 
neys, and spleen were not felt; there was no tenderness nor rigidity, and no palpable 
masses in the abdomen. The examination of the extremities showed marked Heberden’s 
nodes, but no cyanosis, edema or clubbing; peripheral sclerosis was present. On neuro- 
logical examination, the deep reflexes were equal and active; no pathologic reflexes were 
elicited. 



Fig. 2. — Ti’acing- taken the day followinET, wlien the patient was apparently in her nor- 
mal state. The rhythm is a two-to-one neart block with a nodal escape beat seen in Lead I. 
The abnormalities noted are inverted T waves in Leads I, II, and IV, with left axis deviation. 

The clinical diagnosis was arteriosclerosis and In'pertension, enlarged heart, mitral 
insufficiency, dilated aorta vuth complete A-V heart block, and Adams-Stokes syndrome. 

The patient Avas placed on phenobarbital, grain four times daily, and papaAmrine, 
\y -2 grains three times daily. She remained much qtiieter and had no contmlsive or syn- 
copal episodes. 

On Dee. 12, 1943, she was taken to the electrocardiographic department. When the 
electrodes were applied, she suddenly turned a cadaveric white, the respiration ceased, the 
heart sounds became inaudible and the pulse imperceptible. The patient made a few gasp- 
ing respiratory movements, and the pupils dilated. During this time, sphincter control 
ceaspd and she became incontinent of urine and feces. A continuous tracing of the eA'ents 
in the heart, during this whole ej)isode will be found in the accompanj-ing electrocardio- 


0 



Fig. ID. — (For legend see Fig. i.^.) 
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attack. Our ease is unique in that the patient is still active eighteen months 
after the recorded seizaire and probably five or six j’-ears following the initial 
attack. 

It may be iiertinent to discuss the various foi-ms of treatment suggested 
for this condition. IMany years ago barium chloride was recommended as the 
drug most likely to prevent Adams-Stokes syncope. However, Parsonnet and 
Hyman, in a carefully controlled experimental study concluded that this 
drug was of no value. The use of adrenalin or ephedrine has been proposed 
because these drugs are such powerful cardiac stimulants; unfortunately, their 
true value in the therapy of this condition is not very clear. There is some 
evidence to show that in chloroform ane.sthesia the administration of adrenalin 
may, in itself, induce ventricular fibrillation.^"* Ephedrine, too, because of its 
irritating effect on the myocardium, may be a dangerous drug in sjiite of the 
fact that theoretically it should prevent ventricular standstill. Quinidine sul- 
fate has been used prophylacticallj’- in an attempt to prevent some of the 
arrythmias, especially the extrasystolic ones, and thus forestall ventricular 
fibrillation. The experiments on dogs by Smith and his collaborators^^ are 
especially suggestive. Howevei’, quinidine, in excess, pi'oduces ventricular 
fibrillation in the experimental animal. More recently. Katz^' suggested the 
use of papaverine in lai’ge doses. Experimentally, at least, this drug has been 
found effective in both stopping and preventing ventricular fibrillation. From 
the previous consideration, it is evident that of the drugs suggested, the ideal 
one for the treatment of Adams-Stokes disease, or the component arrythmias 
that produce it, has not yet been found. Until a bettei* drug is found, there- 
fore, papaverine in large doses, or perhaps quinidine. is the remedy of choice. 

The report of this ease helps to summarize the knovm facts on the IMorgagni- 
Adams-Stokes syndrome, as well as on ventricular fibrillation. The patient 
was a woman, 73 years of age, when first seen. Plowever, the condition must 
have been present for at least five years, in view of a clear-cut history of 
spieopal attacks five and three years prior to hospital admission. The ob- 
served attack did not demonstrate very clearly the three stages suggested by 
Schwartz ; we were unable to record the so-called prefibrillatory period in our 
tracings. However, this stage may have been of such short duration that it 
was not observed before the onset of syncope. On the other hand, that the 
syncopal period followed the rathei- tyj)ical course pointed out by Parkinson 
is clearly demonstrated in the tracings. Ventricular fibrillation with a rapid 
rate was followed by a period of rapid ventricular tachj^eardia which was 
followed b}^ another short period of ventricular fibrillation and, finally, by 
ventricular asystole. The auricles continued to beat during the entire period 
of ve7itrieular as.ystole which, in this particular seizure, lasted for one full 
minute. The longest period of asystole thus far recorded is seventy-nine 
seconds.^** In our case, the asystolie period was followed by ventricular tachy- 
cardia with idioventricular beats and multifocal extrasystoles. Finally, a run 
of ectopic beats with bidirectional complexes appeared, and the heart rate 
slowed enough so that, when consciousness returned, the rhythm reverted to 
the heart block, Avhich was originally present. 
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giamg (Kg. 1). Soon the face of the patient became suffused and cyanotic, there were 
some deep, sporadic respiratory movements, and the patient gradually returned to con- 
sciousness. During the ensuing three days the patient had several further seizures, each 
following the same general pattern. Pig. 2 illustrates the rhythm on the third day when 
the pulse was 40 per minute. After these episodes, she remained free from attaehs, and 
her mind returned to normal. On the seventh day she refu.sed to stay in bed and insisted 
on going home. She was discharged at her own ri.slv. 

Following these etrisodcs, the patient has consistently refused medical care of any 
kind. She is perfeetlj' rational, does her own honsewoi'k, and trill not permit further elec- 
trocardiographic studies to be made. Eighteen months have now passed since the first 
tracing was taken, and the patient has returned to full activity. Eecently she was ob- 
served lifting bundles of paper averaging more than 20 pounds each. 


DISCUSSION 

A number of inAmstigators hav^e recorded eases of ventricular fibrillation, 
both in Adams-Stokes disease and in the dying heart. These reports emphasize 
the fact that tmiitricular fibrillation is rarely seen in the Adams-Stokes syn- 
drome, unless the basic rhjdhm is some degree of heart block. Furthermore, 
the time Avheii ventricular fibrillation is most apt to occur, is during the tran- 
sition from iiartial to complete A-V heart block. However, this is not an 
inflexible rule, since eases have been recorded in which a patient with partial 
heart block has developed A^entrienlar fibrillation Avithont ever haAong reached 
a stage of eomiilete anrienloventriciilar dissociation. 

Instances of Adams-Stokes disease, which occurred dimng acute myocar- 
dial infarction folloAviug coronaiy occlusion, have been reiiorted, BeckAvirtld’ 
recorded three such eases Avhieh demonstrated different underlying mecha- 
nisms, Complete heart block Avas present in one case and paroxysmal Amn- 
trieular tachycardia in another; both conditions Avere present in the third. 
In none of the tlmee patients Aimre the syncopal attacks registered electro- 
eardio graphically. 

Experimental Amntrioniar fibrillation may be induced by ligation of one 
of the coronary arteries; it is therefore felt that this arrhythmia may he re- 
sponsible for sudden death in acute myocardial infarction in the human subject. 
It is belicAmd that afferent impulses from the infarcted area give rise to reflex 
coronary spasm by Avay of the Amgi. This results in myocardial anoxia Avhieh 
may initiate the premature contractions that lead to fibrillation. It is interest- 
ing that Smith, MeEachern, and HalP- found that the mortality rate from 
sudden occlusion of the left coronary artery in normal dogs could he reduced 
from 75 per cent to 50 per cent by the administration of quinidine. Death 
in these animals Avas usually due to ventricular tachycardia, iollowed hy ven- 
tricular fibrillation. Quinidine seemed to preAmut much of the pain of the 
oeclnsion. It is interesting to note that Avhen quinidine Avas used instances 
of Amntrienlar tachycardia and extrasystoles Avere more fi'equent, though thei-e 
Avere fewer eases of Amntricular fibrillation. 

The prognosis, at best, is uncertain. Such patients usually have had ad- 
vanced arteriosclerotic heart disease noth marked coronary arteriosclerosis 
and myocardial fibrosis, and rarely survive more than a feAv months after an 
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ADDENDUM 

A'pril 15, 1946: This patient is still alwe and able to carry on her daily 
routine as a housewife, two j’-ears and four months after the recorded attack. 
She refuses, however, to permit further studj’’. 
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In the treatment of the condition, the only dimg used was papaverine in 
large doses. It is diffieiilt to say whether or not this contributed to our 
patient^s recovery, since she recovered from her previous attacks without 
medication. During the past eighteen months she has taken no medication 
and apparently has had no further seizures. 

It is important from a prognostic point of view to discuss the question 
of lonpvity in such cases. ’In the series of 56 patients reported by Parkinson 
and his co-workers, there were 35 with ventricular standstill alone. Five of 
these died during the attack and seven lived and umre free from seizures for 
from three months to four and one-half years after the onset of Adams-Stokes 
disease. The remaining three of the series died of noncardiac causes. Of 20 
cases similar to our own, 15 patients died during the attack and five died 
within a j'^ear after discharge. Only four of this group were alive after three 
to ten months. 

Based upon the previous data, the prognosis in cases "with very rapid ven- 
tricular tachycardia and fibrillation is immediately grave. However, if the 
patient recovers from the initial syjieopal seizure, the life expectancy is about 
one year. Our patient has survived for 18 months after the one attack which 
was graphically recorded, and has prohahJy lived now for six years since her 
first syncopal seizure which we assume to have been similar in character to the 
attack which we recorded. 

SUMMARY 


1. We have discussed the definition of the condition known as Adams- 
Stokes disease, or the Morgagni-Adams-Stokes syndrome. Based upon the 
review of the literature, we feel that the Adams-Stokes syndrome should in- 
clude not only eases of ventricular standstill with loss of consciousness, but 
also those of syncope due to ventricular tachycardia or ventricular fibrillation. 

2. An instance of this condition is repox’ted which is unusual in that the 
patient lived six years, which is much longer than most patients liver after 
the onset of syncope. 

3. The varied methods of treatment are briefly stunmarized and found to 
be inadequate. At the present -time, quinidiue and papaverine seem to be the 
drugs of choice. 
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no neck rigidity and no enlargement of the cervical nodes or of the thj^roid. The lungs 
were essentially normal. The heart was not enlarged; the rhythm was regular and the 
rate was 74 beats per minute. The sounds were of good quality and no murmurs nor fric- 
tion rub were heard. Tlie blood pressure was 1.30/7S. The abdomen was normal. There 
was incontinence of feces. The musculoskeletal system was essentially normal, and all re- 
flexes -were present and equal, bilaterally. There was no impairment of any of the 
cranial nerves. 





Fig. 1. — Electrocardiogram taken four hours after first episode of syncope. 


Caurse . — Within two hours after the acute episode, the j)atient was feeling much bet- 
ter but still complained of a slight pain in the chest, substernally. The temperature, pulse, 
and respirations Avere all normal. The skin Avas warm, there Avas no evidence of cyanosis, 
and the initient Avas well oriented and rational. An electrocardiogram (Fig. 1) taken at 
this time rCAmaled a regular sinus rhj-thm, a rate of 88 beats i)er minute, a deep S,, and 
inversion of Tj. The electrocardiogram aa'us interpreted as being Avithin normal limits. 
The patient Avas kept on absolute bed rest and given phenobarbital, 1^/2 grains, at bedtime. 
On Feb. 8, 194.5, the day folloAving the acute episode, he complained of a persistent, mild 
substernal pain. This syniiitom recurred on several occasions during the following weeks. 
It Avas noted at this time that the patient had a rather large conjunctival hemorrhage in 
the right e3'e. The external ocular muscles, vision, and fundi were found to be normal. 
The blood pressure Avas 146/78. All reflexes Avere present and equal. There was no eAu- 
dence of anj- neurological pathology and no derangement of the cranial nerves. The patient 
remained on complete bed rest from Feb. 7, 1945, until Feb. 20, 1945. During this period 
the temperature remained consistentl.v normal. The white blood count, taken on Feb. 8, 
1945, revealed 8,200 Avhite blood cells, Avith 52 per cent polymorphonuclears, 44 per cent 
Ijmiphocj'tes, 2 eosinophiles, and 2 monoc3'tes. The sedimentation rate was 7 mm. in one 
hour. On Feb. 13, 1945, the test rcA’ealed 7,400 AA-hite blood cells, AA-ith 50 per cent P0I3'- 
morphouuclears, 48 per cent l3’mphoc3'’tes, and tAvo eosinophiles. The sedimentation rate 
Avas 6 mm. in one hour. The Kahn test for sA^philis was negatiAm. The electrocardiogram 
taken Feb. 12, 1945 (Fig. 2), AA'as interpreted as being Avdthin normal limits. In the ab- 
sence of ph3'sical or laboratoiy findings of nyocardial injuiy, the patient was allowed to 









. FATAL CORONARY FAILURE WITHOUT INFARCTION- 

REPORT OP A CASE 

Major J. S. York, j\I.C., and Captain John W. Bell, JI.G. 

Army of the United States 

rj^OR many years it has been taught that coronary artery disease primarily 

affects patients in middle life, but that it may occur infrequently in younger 
people. It has become apparent, however, that the incidence of coronary artery 
disease in young people is greater than is generally realized. It is possible 
that in many eases of coronary artery disease in young peoiile where certain 
significant symptoms are present, the physician may be misguided in his diag- 
nosis or may be lulled into a false sense of security solely because of the youth 
of the i>aiient. In many eases severe disability or even fatality may result. 

report op case 

Eisionj. — A 2o-year-old white man was admitter] to the Station Hospital at 10:45 A.M., 
on Feb. 7, 1945, in a semicomatose state. He was disoriented, c.yanotic, and apparently in 
moderate shoch. Approximately two hours after admission, when he was able to speak, he 
stated that he was well until one-half hour before admission, when he felt a pain around 
his heart, associated with some shortne.ss of breath. These sjnnptoms became progressively 
more severe, until he felt that he had to lie down. The last thing he remembers was 
stretching out on tlic ground outside the building in which he was working. Within a few 
minutes he was found, unconscious, by several of his fellow workers. He was bleeding 
from the nose and showed marked blueness of the hands and face. His pulse was said to 
be imperceptible'. The breathing was described as very shallow, quickij' becoming verj- 
irregular and weak. The blueness of the face and hands increased. After the adminis- 
tration of artificial respiration breathing improved considerably and the patient was brought 
to the hospital. 

The history revealed that the patient had been a mechanic in civilian life, and was 
inducted into the Service in February', 1942. He smoked cigarettes moderately, drank a 
large amount of beer, and occasionally went on an alcoholic bout. He did not take any 
drugs. His father, mother, and one sister were living and well. An uncle on the paternal 
side had died of a heai't attack at the age of 40 years. There was no other history of 
chronic or familial disease. He had had the usual childhood diseases, but no other illnesses 
except infrequent upper respiratory infections. He denied any venereal disease. He also 
stated that beginning approximately one month prior to this episode of fainting he noticed 
pain in the chest, localized under the breastbone, which occurred only following or during 
exertion, such as walking, physical training, or heavy lifting. He described the pain as 
a cramping sensation similar to muscle cramps. There was no radiation and the pain was 
definitel}'- relieved by rest. He could not recall experiencing any attacks of pain while at 
rest. Although for two weeks prior to admission to the hospital, ho was unable to keep up 
with his physical training periods because of the quick onset of this cramping sensation, 
he did not seek medical advice. He also stated that he had felt vague pains through his 
arms and legs during the mouth preceding admission. These pains were not related to the 
chest pain or to activity. 

Physical Examimtion. — On admission the patient was disoriented, confused, and very 
anxious. He was stocky and heavj^set. His height was 71 inches, and his w-eight was 180 
pounds. His skin was cold and clammy; there was moderate cyanosis of the lips, face, and 
nail beds. The pupils were widely dilated and reacted sluggishly to light. There Avas 
evidence of fresh bleeding from the nose. The mouth and throat were normal. Tliere was 

Jleceivecl for publication July 10. 1945- 
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DISCUSSION 

This report concerns a 25-year-old white man whose history indicated that 
he had had angina pectoris for approximately four weeks, and then developed 
a sudden episode of syncope, from which he recovered quickly. The physical 
findings were essentially normal. After this acute episode he continued to 
have angina pectoris at rest (decubitus) for another four Aveeks and died 
suddenly one morning Avhile in bed. Fi*ench and Dock’^ state that more than 
100 fatal cases of coronary arterial disease occurring in young soldiers be- 
tween the ages of 20 and 36 years ha^m been reported since the begimiing of 
Ihe Avar. In their excellent survey eoAmring 80 such cases, they concluded 
that the basis of the coronary artery disease in all cases Avas arteriosclerosis. 
There Avas no predilection for any race or national origin; presumably the 
most striking predisposing factor Avas OAmrAveight, Avhich Avas present in 91 
per cent of the sub.'jects. Our patient shoAved definite arteriosclerotic disease 
which iiiAmlved both coronary arteries and also the ascending arch of the aorta. 
He was approximately 20 pounds OAmrAveight. Another interesting finding 
reported by French and Dock^ in their series of 80 fatal cases Avas that recent 
myocardial infarction Avas demonstrated in only 15 of these cases. Fibrous 
myocardial scars AAuth or Avithout fresh necrosis Avere found in 39 cases. As a 
result of these findings, they jiostulated that coronary arteriosclerosis, or coro- 
nary occlusion AAuthout myocardial infarction, is the cause of death in younger 
men more frequently than in older patients. The post-mortem examination 
of our patient shoAved no evidence either grossly or microscopically of myo- 
cardial scars or recent infarction. It is A*ery likely that, rather than true 
myocardial infarction, in a significant number of eases of coronary artery 
disease, myocardial ischemia, resulting in an abnormal cardiac rhythm, prob- 
ably Amntricular fibrillation, is the mechanism causing death. 

The pathologic findings in our case admirably fit the concepts and con- 
clusions promulgated by Blumgart and his co-Avorkers.^ They found that 
complete coronary occlusion, or considerable narroAAdng of one or more coro- 
nary arteries^ may exist Avith no CAddenee of myocardial infarction. This could 
only be true if the occlusion proceeded sloAAdy, alloAAdng sufficient time to elapse 
for the formation of an adequate collateral coronary circulation. They also 
shoAved that 47 patients suffering primarily from angina pectoris, AAdthout evi- 
dence of A’-ahuilar disease or arterial hypertension, had old complete occlusion 
of at least one major coronary artery at post-mortem examination. In our 
case, the history of true angina pectoris four Aveeks prior to the first episode 
of syncope strongly suggests a sloAAdy progressing occlusion of the coronar}’- 
artery. 

It is of interest to speculate about the episode of syncope Avhich brought 
the patient to the hospital and Avas folloAved by a fiA'-e-Aveek period of angina 
pectoris at rest. It is probable that the coronary occlusion resulted in a high 
degree of coronary insufficiency, but not in enough coronary insufficiency to 
produce a gross myocardial infarction. Myocardial ischemia resulting from 
the high degree of coronary insufficiency may Amry Avell liaA'-e brought on an 
abnormal cardiac rhythm resulting in syncope and finally in death. White 
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increase Ins activity gradually, and to get out of bed on Feb. 21, 1945. On Feb. 25 1945 
le was given a two-hour pass to visit his barracks. He returned within a short time 
stating that he had had to stop and rest three times in a distance of approximately two 
blocks because of precordial pain. The patient ivas again put on bed rest. At 7 a.m. on 
March 4, while still in bed, he complained of severe substernal pain, and in a few minutes 
went into acute circulatory collapse. He was given oxygen and % grain of morphine, intra- 
venously, but did not improve. He developed a gallop rhythm and expired thirty minutes 
after the onset of the precordial pain. 



Fig-. 2. — ^Electrocardiogram taken Feb. 12, 1945. 

V 

Necropsy. — ^Post-mortem examination revmaled that the abnormal findings were con- 
i fined entirely to the heart and aorta. A considerable fatty layer over the-pericardial sac 
^ was cut through and the heart was exposed. There was a normal amount of clear yellowish 
' fluid within the pericardial sac. The heart appeared to be of normal size, and weighed 
380 grams. The right ventricle was relaxed and flabby; the left ventricle was firm and 
moderately contracted. The epicardium wms smooth. The relationship between the mus- 
culature of the right and left ventricles was normal. Upon opening the heart several small 
clots which were not adherent to the endocardium were observed in the left ventricular 
chamber. The endocardium throughout both ventricles aijpeared smooth and glistening. 
The papillary muscles were normal. There was -no evidence of old or recent myocardial 
scar formations. All the valves were found to be smooth and free. In the first portion of 
the ascending aorta a moderate amount of soft, atheromatous plaque formation w’as present 
on the wall of the vessel for a distance of approximately 2 inches above the valve. These 
plaques extended into the mouth of the left coronary artery. On opening the left coronary 
artery, an organized jmllowish wdiite thrombus was found, firmly' adherent to the wall and 
extending from the mouth downward for a distance of approximately inches. On 
peeling away this thrombus, considerable arteriosclerotic changes were observed in the 
endothelial lining of the coronary artery. It was impossible to pass a very fine probe into 
the artery because of the thrombus. The right coronary artery was patent and free 
throughout, allowing free passage of the probe, but, wdien the artery was opened there 
were observed, for a distance of approximately 2 inches from its mouth, scattered small 
areas of endothelial arteriosclerotic changes. Microscopic examination revealed no evi- 
dence of myocardial damage, either old or recent. 



THE WOLFF-PARIONSON-WHITE SYNDKOMB IN ASSOCIATION 
WITH CONGENITAL HEAET DISEASE ; 

COAECTATION OP THE AORTA 

Report of a Case 

Jerome W. Bodlaxder, M.D. 

Los Angeles, Calif. 

E lectrocardiographic evidence of a short P-R interval and bundle 
branch block has been i-eported in the literature since 1915.^ In recent 
years, this sjuidrome has lieen recognized and repoi-ted more and more fre- 
quentlJ^ Doubtless, numerous cases have never been reported. Wolff. Park- 
inson, and AYhite^ concluded that this syndrome consisted of functional bundle 
In-anch block and an abnormally short P-R interval occurring with paroxysms 
of tachycardia in otherwise healthy people. Hunter, Papp, and Parkinson® 
reported 19 cases of their own and reviewed the 90 previously reiiorted cases. 
They found that 18 of these patients and thi'ee of their own had cardiac dis- 
ease which was considered incidental. The heart disease reported in associa- 
tion with this syndrome may be classified under the following etiological head- 
ings: rheumatic (mitral and aortic disease), syphilitic, hypertensive, arterio- 
sclerotic (coronary), and thyrotoxic. Coexisting congenital heart disease has 
apparently not been reported. 

Mention has been made as to the age at which this sjnidroine of short 
P-R interval with bundle branch block has occurred. The youngest patient 
on record in whom the syndrome occui*red was a boy, 4yo years old. This case 
was reported by Hamburger^ in 1929. 

This report includes the following unusual features: (1) The patient 
whose ease history is recorded is apparently the youngest patient in whom 
the Wolft'-Parkinson-White syndrome has been reported. (2) It seems likely 
that this is the first instance in which coexisting congenital heart disease has 
been recorded. 

CASE report 

The patient was a white male child born on Way S, 19-12. The family history yielded 
no evidence of cardiovascular disease. The child was delivered normally at term and 
weighed 7 pounds, 8 ounces. Nothing abnormal was noticed in the nursery at the hospital 
during the first ten days of his life. When the child was 1 weeks old, he developed an 
acute upper' respiratory infection and was referred to a pediatrician for care. Examina- 
tion at that time revealed a heart murmur. A roentgenogram of the chest was taken, and 
the mother was told that the child had an enlarged heart 'which was due to a congenital 
heart defect. The child made an uneventful recovery from the respiratory infection. On Aug. 
11, 1912, another roentgenogram of the chest (Pig. 1) showed marked cardiac enlargement. 

Prom the Department of Internal Medicine, St. Vincent’s Hospital, Los Angeles, Calif. 
Received for publication July 5, 1945. 
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and his associates,''* in their study of 497 eases of angina pectoris, reported 
(hat in 47 cases the average duration of life after the onset of angina at rest 
was 2.8 years.^ They ■\vrote: “Coronary heart disease, whether shown by the 
angina pectoris of temporary coronary insufficiency or by myocardial infarc- 
tion with subsequent scarring, is actually . . . , in the majority of cases, an 
acute or subacute rather -than a chronic disease. This conception ... is a 
vital one, of tremendous significance both in prognosis and treatment. . . . 
The natural tendency of the heart to establish an adequate collateral coronary 
circulation is the answer.” 

The electrocardiogi-ams deserve brief mention. The first, taken foin* hours 
after the syncopal attack, at a time when the patient seemed to be completely 
recovered clinically except for mild residual, preeordial pain, showed only a 
deep. Si and an inverted T.,. There was no evidence of RS-T depressions or 
of inversions of the T Avave in more than one lead, as Avould be expected in a 
diagnosis of coronary insufficiency. The second electrocardiogram, taken fiAm 
daj's later, shoAved a small diphasic T, and a decrease in the amplitude of S, 
from 5 mm. in the first electrocardiogram to 2 mm. in the second. We do 
not feel that these changes A\mrrant an electrocardiographic diagnosis of coro- 
nary insufficiency. SteAvart and Manning,'* in a detailed analysis of electro- 
cardiograms taken on 500 members of the R. C. A. P. Air CreAA", state that 
in 432 an Si AAdth a mean amplitude of 2.8 mm. aalts present, and that in 140 
of the cases there Avas a negative or diphasic T;j. It is luifortunate that our 
instrument Avas out of order Avhen Ave udshed to have tbe patient undergo an 
exercise test. It is quite possible that an electrocardiogram taken immediately 
after exercise Avould have sIioaaui eA'idence of the coronary insufficiency. 


SUjVOIARY 

1. Coronary artery disease probably occurs more frequently in young per- 
sons than is generally supposed. 

2. Both clinical and electrocardiographic findings may be normal. 

3. The onset of angina pectoris of effort is the most important single 
Ijrodromal symptom and should be gnmn careful consideration. 

4. A youthful age should not lull the physician into a false sense of 

security. 

5. With the onset of angina pectori.s tbe patient should be considered as 
acutely or subacutely ill. and so treated as to alloAv tbe heart to establish an 
adequate collatei’al circulation. 

Grateful aclaiOAvledgmeni is made to the Army jiru.seiim of Pat!ioIog.A', Washington, 
D. 0., for tlieir pathologic studies on the heart in the case reported. 
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The child remained perfectly well until Aug. 22, 1942, when, at the age of 14 weeks 
he had a spell in which he “became pale and acted as if he were in a half-faint; his heart 
was pounding and he was blue around the mouth.” Hospitalization was' recommended 
and on admission at 6 p.m. the child was noted to be dyspneic, pale, slightly cyanotic, and 
covered with a cold sweat. ’ ’ The apex beat was regular but verj^ rapid and uncountable. 
There -was a loud systolic murmur at the second intercostal space parasternally. There was 
also a systolic murmur at the apex, not transmitted. The blood pressure was 98/82 in the 
right arm and 110/84 in the left arm. The liver was 1% fingerbreadths below the ninth costal 
cartilage and wms soft. There was no edema. At 8:30 P.ir. the child looked better. His 
color was good, and there was no dyspnea. The heart rate was 147 per minute. There was 
a moderate blowing systolic murmur at the pulmonic area and a slight systolic murmur 
at the apex. The heart size wms described as “huge.” The following diagnosis was made: 
(1) paroxysmal tachycardia, and (2) probable congenital heart disease. 



E.g. 1. — Routine roentgenogram of the chest, Aug. 14, 1942. Note the inarked cardiac 

enlargement. 

On Aug. 23, 1942, an electrocardiogram taken after the subsidence of rapid heart 
action was interpreted as “showing resemblance to the electrocardiogram found in adults 
wdtli 'coronary artery disease during anginal pain. There was left axis deviation, sinus 
tachycardia, and S-T-segment and T-wave abnormalities resembling coronary insufficiency” 
(Fig. 2). The possibility of a coronary anomaly was considered. Attention was called to 
the fact that the cardiac enlargement, and S-T-segment, and T-wave abnormalities could 
possibly be the effects of the tachycardia. The urine was negative. The blood count dis- 
closed a hemoglobin of 73 per cent; erythrocytes, 4,100,000; leucocytes, 12,550, of which 41 
per cent were neutrophiles, 49 per cent were lymphocytes, 8 per cent were monocytes, and 
2 per cent were eosinophiles. A repeat electrocardiogram on Aug. 24, 1942, was e.xactly 
the same as the one taken the previous day. There weie no further attacks of tachycardia; 
the child improved and was permitted to go home after two daj^s of hospitalization. 
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Prom that time until Ai)ril 25, 1945, the child -nas in good health, uith the exception 
of ''short attacks of lapid heart heat,^’ which weie noted b}" the mother, a former student 
nurse. She stated tliat these attacks seemed to teiminate spontaneously. On Oct. 4, 1944, 
the child was brought into the office foi a routine physical examination. An electrocardio- 
gram taken at this time showed the characteristic tiaeing of the Wolff-Parkinson-WMte 
sjTidrome (Fig. 3). On Dec. 6, 1944, a loutine electrocardiogiam showed a normal P-E 
interval and a normal duration of the QES complex. Tlieie weie, however, S-T-segment 
and T-wave abnormalities (Fig. 4, A). On April 17, 1945, the child became pale and 
dyspncic and was brought into the office bj- his mother, who said that she was certain 






y 
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Fig. 5. — Roentgenogram of the chest, June 22. 1945. See text for detailed description. Erosion 

of lover ends of ribs (black arrows). 



"that a spell was coming on." 8he remarked that the lieait was pounding and beating 
very rapidlj'. An electrocardiogram taken at that time showed paroxysmal auricular tachy- 
cardia with a rate of 225 (Fig. 4, B). Tlie child was grren % grain of quinidine sulfate 
and the mother was instructed to repeat this dosage every three hours until the heart rate 
slowed. However, within one hour after the initial dose of quinidine, the tachycardia 
disappeared. An electrocardiogram taken tlie next day shoved a normal P-E interval and 
a normal duration of the QES complex. The S-T-segment and T-vave abnormalities per- 
sisted in this tracing (Fig. 4, C). Since that time numerous sjiells of tachycardia have been 
aborted by the use of only % grain of quinidine sulfate. 

Physical examination of the child on June 22, 1945, revealed a slight bulge over the 
precordium and marked enlargement of the heart to the left on percussion. There was a 
moderate blowing sj’stolic murmur at the pulmonic area arrd a slight systolic murmur at 
the apex. The aortic second soitrrd and the pirlmonic second sound were markedly accen- 
tuated. The blood pressure v'-as 130/60 irr the right arm and 120/60 in the left arm. The 
electrocardiogram was typical of the Wolff -Parkinson-White syndrome (Pig. 4, B). A 
roentgenogram of the chest on June 22, 1945 (Fig. 5), was interpreted by Dr. K. S. Davis, 
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An interesting feature of the case presented here is, the erosion of the 
ribs, as seen in the roentgenogram, occurring in a 3-year-old child, Roesler" 
states that the youngest patient in whom this sign was reported was 6 years 
of age. 

CONCLUSIONS 

1. This report records the oecnrrence of the ATolff-Parldnson- White syn- 
drome in an infant at Ihe age of 14 weelcs. This is apparently the youngest 
patient Moth this s.yndrome on record. 

2. The oecnrrence of a congenital heart lesion in association with the 
Wolff-Parkinson- White s.yndrome is also reported. 

3. Electrocardiograms shoMong the typical Wolff-Parkinson- White pattern 
and the paroxysmal aiirienlar tachycardia associated with it are presented. 
The presence of a normal P-R interval and a norma] QRS duration in some of 
the tracings shows that the cardiac impulse followed the normal conduction 
patlnvay through the heart some of the time. 

4. The beneficial effect of quinidine sulfate in this ease was demonstrated. 
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St. Vincent's Hospital, as follows: "There is marked enlargement of the heart shadow 
especially in the region of the left ventricle. There is also seen some notching at the 
lower ends of the nbs and there is almost a complete absence of the shadow of the aortic 
arch. Eoentgen diagnosis: Coarctation of the aorta." 

DISCUSSION OP THE ELECTROC.<tRDIOGRAMS 

The first tracings, shown in Pig. 2, are, I believe, actually characteristic 
of the WolfP-Parldnson-lVhite syndrome. The left axis deviation, S-T-segment 
changes, and T-wave abnormalities mentioned were all part of the pattern of 
bundle branch block. Certain features of this initial tracing were perhaps 
justifiably misinterpreted, for it is only by comparison with later tracings that 
one can recognize the pattern present. Levine® has called attention to the 
errors made in the interpretation of electrocardiograms taken on infants. The 
restlessness and muscular activity of children and their movement of the lead 
wires cause many artifacts, which so distort the tracing that an accurate inter- 
pretation is often impossible. In this particular case, it ivas only after the 
child wms old enough to cooperate that electrocardiograms were satisfactory 
enough to show the Wolff -Pai'kinson-Wliite syndrome clearly (Pig. 3). Subse- 
quent tracings revealed that at times the cardiac impulse followed the normal 
conduction pathway through the heart, as was evidenced by a normal P-R 
interval and a normal QRS duration (Pig. 4, A). The association of parox- 
ysmal auricular tachycardia with this syndrome was demonstrated (Pig. 4, R). 
The pattern (Pig. 4, B) was seen to have reverted to a normal rate foUoiving 
the period of tachycardia on the previous day, after the administration of % 
grain of quinidine sulfate (Pig. 4, 0). The S-T-segment and T-wave abnormal- 
ities in this tracing were no doubt an aftereffect of the paroxysmal tachycardia. 

COMMENTS 

While the Wolff-Parkinson- White syndrome has been considered benign 
by most investigators, it is a generally accepted belief that paroxysms of tachy- 
cardia, to which these patients are susceptible, can cause heart faihu’e and 
even lead to death. Any paroxysmal tachycardia which lasts long enough 
may lead to cardiac decompensation. Therefore, in those cases where cardiac 
disease coexists, the person prone to attacks of paroxysmal tachycardia is 
confronted with a definite hazard. The prognosis will vary with the ability 
of the physician or patient to stop the tachycardia promptly. Inability to 
terminate the rapid heartbeat vdU no doubt cause more rapid failure in an 
already diseased heart to which this load is added than in a normal heart. 
It is not unreasonable to state that the Wolff-Parkinson-White syndrome in 
association with a normal heart may be considered benign; however, its occur- 
rence in association with other heart disease certainly alters the prognosis. 

The Wolff-Parkinson-White syndrome has been attributed to the existence 
of an aberrant conduction bundle between the auricles and ventricles.® If this 
theory be accepted, then we have in the case presented here not only^ an 
anomalous conduction system in the heart, but also a congenital heart lesion. 
This conclusion certainly would be in keeping with the well-laiovm fact that 
congenital defects which occur are likely to be multiple. 
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The hyperactive carotid sinus reflex is frequently associated witli numerous 
other patliologie conditions, both local and general^’ ® Weiss et aid noted 
that ^4n 7 of 17 patients subject to the vagal type of syncope there was clinical 
evidence of degenerative change in the heart, and in the group as a whole there 
was a liigh incidence of generalized cardiovascular change. ' ' Sigier^> ® pointed 
out that the hyperactive carotid sinus cardio-inhibitory reflex occurs most fre- 
quently and in highest degree in patients with coronary artery disease. He 
has graded the response on the basis of the degree of heart slowing, but ap- 
parently he did not commonly encounter s^nicope. In his opinion the hyper- 
active cardio-inhibitory reflex occurs with sucli frequency in these patients that 
testing for it aids in the diagnosis of coronary artery disease. Conversely, a 
.syndrome simulating angina iiectoris, without coronary artery disease, has also 
been reported as a manifestation of hyperactivity of the carotid sinus in the early 
reports'of Weiss and his associates, and more recently by Friedman." 

The following ease rei^ort is of unusual interest because both a hyperactive 
carotid sinus reflex and coronary arteriosclerosis are present and because the 
same symptoms were produced by both conditions and could not be differentiated. 

f 

CASE REPORT 

A vliite officer, 48 years of age, was admitted to tliis General Ho.spital on Jan. 11, 1945. 
from ovei'seas. liistory dated back live montli.s, at wliicli time he was ovei'.«eas wlien he de- 
veloped shortness of breatii on moderate exertion. Soon thereafter he developed bilateral 
frontal and parietal headaches, which were associated with exertion and were promptly 
relieved by rest. Later, he also began to have pain at the angles of both jaws. This pain 
also occurred with exertion and was promptly relieved by rest. Five weeks later he de- 
veloped attacks of substernal pain associated with shortness of breath and a feeling of 
pressure on his chest, as well as pain in the jaws and head. These attacks were also pre- 
cipitated by exertion and relieved by rest. 

After a week or ten days of these attack.^, on Oct. 7, 1944, while walking, he developed 
a severe substernal pain which radiated to the left po.^terior supra scapular area and was 
severe enough to cause him to break out in a cold sweat. The pain lasted about five minutes. 
Subsequently he was admitted to a hospital. 

Physical examination at that time revealed no cardiac or other abnormality. The blood 
pressure was 130/74. Laboratory tests on several occasions showed the red blood cell count, 
hemoglobin, white blood cell count, differential, urinalysis, and .sedimentation rate to be 
normal. X-ray examination showed a normal cardiac silhouette. An electrocardiogram taken 
the day following admission (Pig. 1, o) showed an inverted T, and a deeply inverted T,, but 
no significant changes in the S-T segments. He was considered to have a coronary occlusion, 
and was treated with comifiete bed rest. During this time he had three mild attacks of sub- 
sternal pressure with radiation to the left shoulder. One attack occurred while he was sitting 
on the edge of the bed, and another occurred while he was helinng to make his bed. The 
attack.s were quite brief and required no medication. A Second electrocardiogram (Fig. 1, h) 
taken nine days after the first .showed reversion of the T waves to their normal upright 
configuration. Subsequent electrocardiograms continued to show only left-axis deviation. 
A diagnosis of acute coronary thrombosis was made. After five weeks, evacuation was 
begun, first to Paris, subsequently to England. There, after a short period of bed rest, he 
was allowed up and around more freely. 

While in a hospital in England, on Dee. 20, 1944, while lying in bed he developed an- 
other acute severe substeinal pain, which again caused him to break out in a cold sweat. 
Again there was radiation to the left scapular region, but there was no associated jaw or head 
pain. This time the pain persisted for about one and one-half hours, and he was given an 



A. CASE REPORT OP SIMILAR SYMPTOMS PRODUCED BY 
HYPERACTIVE CAROTID SINUS REFLEX, ANGINA 
PECTORIS, AND MYOCARDIAL INFARCTION 

Major pAUJy M. Glr/Vk,! 31C., and Lieutexaxt Coloxee Hilton S. Read, SI.C. 

Army of the Uxited States 

I N RECENT years t])e hyperactive carol id siiuis reflex iias received increasing 
clinical attention. Its mecliani.sm and the syncopal syndrome produced b.v 
the vagal, depressor, or cerebral type of reflex have been thoroughly studied 
and described.’ There have also been a number of reports of unusual s}’Tnp- 
tomatology,'* although, in most of those syncope is a prominent feature. 

The numerous symptoms most freriucntly associated Avith this syndrome 
arc mediated through the autonomic nervous .system. The.se are summarized 
in Table I, which is taken from Ferri.s, Capps, and Weiss.® 


Tabi-e r. SvAfFTOirs Directly Eelateb to the Carotid Sinus MEcnANisJt 




(Fainting, dizziness, weakness 





Central 

(Amnesia, cataplexy 
(Sleeplike state 
(Fatigue, weakness 


Ocular 

(Pupillary changes 
( Strabisnui.s 
(Lacrimation 

Carotid sinus reflex 
syncope may be: 

1. Vagal ti'pe 

2. Depressor typo 

3. Cerebral type 

Re.'ipiratory 

Gastrointestinal 

(Hyperpnea 

(Apnea 

(Yawning 

(Sighing 

(Gaseous eructations 
(Nausea, vomiting 

Giicreased peristalsis 


Vasomotor 

(Hj’potension 
(Peripheral constriction 
(Peripheral dilatation 
( Sweating 


Cardiac 

(Bradycardia 

(Arrhythmia 

(Palpitation 


' Extremities 

(Numbness, tingling 

(Commlsions 

(Babinski ’s phenomenon 


Received for publication Aug'. 15. 1945. 
fMajor Glenn died on Dec. 21, 1945. 
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On one occasion wliile the patient was being exauimed, it was noted tliat he had a 
somewhat flushed face, which appeared to be due to a tight collar on his shirt. This, to- 
gether with the unusual symptomatology' of jaw pain and head pain, suggested a possible 
hyperactive carotid sinus syndrome. With carotid pressure on either side, the patient spon- 
taneously stated that symptoms of jaw pain and frontal headache similar to liis previous 
symptoms were produced. At this time his pulse rate, which had been 60, dropped to 46 per 
minute. 

Carotid sinus stimulation was subsequently employed on several occasions while electro- 
cardiographic tracings .were being taken and invariably produced attacks of pain of varying 
intensity. On each occasion stimulation of either carotid sinus produced a high degree of 
cardiac inhibition, though stimulation of the right sinus produced more slowing of the heart 
rate. The rate dropped from about 85 per minute to about 50 per minute. Pall in blood 
pressure (130/76 to 100/70) was transient and brief, and not uniformly produced. Syncope 
was never produced, even when stimulation was maintained for as long as sixty' seconds. 
On one occasion while the right sinus was being stimulated, the patient had asystole lasting 
4.5 seconds (Fig. 2) and experienced the most severe symptoms. He complained of head 
pain, jaw pain, dizziness, shortness of breath, and ‘‘tingling all over.” All his symptom.'* 
were reproduced except the substernal pain. 

The electrocardiogram (Fig. 2) during the 4.5-second asystole shows both sinus arrest 
and auriculoventricular block. Ho other changes were produced by' the carotid sinus stimu- 
lation. There was little doubt tliat he had a hy-peractive carotid sinus reflex of a type pre- 
dominantly cardio-inhibitory' (vagal). 

These findings on carotid sinus stimulation made it difficult to determine whether all 
the symptoms were due to angina pectoris caused by coronai-y insufficiency and myocardial 
ischemia, or whether some or most of the symptoms were due to a hyperactive carotid sinus. 
The fact remained, however, that stimulation of the carotid sinus reproduced all symptoms 
■except the substernal pain which the patient had had on previous occasions. 
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intravenous injection for relief. Unfortunately, althougli this was the most severe attack- 
lie had had, no electrocardiograms were taken. He left for the United States on December 23 
and arrived at a hospital in this country on January 4, having had no symptoms in the interim. 
An electrocardiogi-am taken sixteen days after the severe attack showed only left axis dela- 
tion. The patient was then transferred to this General Hospital. 

The family history revealed no cardiovascular or renal disease. His mother died at the 
age of 65 years from an unknown cause. His father was living and well at the age of 74 



a. 

Fim 1. — a, Electrocardiogram taken Oct. 8, 1944, twenty-four hours after 
tack of substernal pain. N^ote inverted Ti and T<. b. Electrocardiogram taken Oct. 17, 

The voltage of Ti is slightly low, though in subsequent electrocardiograms it was enureiy 
normal. 

The patient had influenza complicated by pneumonia in 1918. He had a right hernior- 
rhaphy in 1942. In January, 1944, he developed a left peroneal nerve palsy, for wliich he was 
being treated as an outpatient. One night when sitting by the fire he noticed that he had 
burned the calf of his left leg. The burn required hospital care, and during this time he 
received injections of thiamine and liver extract, following which the palsy gradually dis- 
appeared. During the two years previous to his present hospitalization, the patient had lost 
about 45 pounds in weight. This" weight loss had been giadual and unassociated with any 

symptoms. _ . t -j i 

Physical examination at the time of admission to this hospital showed an individual 

who appeared to be older than his stated age. He was well developed and fairly well 
nourished, though he showed evidence of some weight loss. There was a scar from an old 
bum on the lateral aspect of Ms left leg. The ocular fundi showed a slight increase in 
tortuosity and streaking of the arteries. The brachial arteries were readily palpable but not 
tortuous There was no apparent venous distention. The heart w'as of normal size. The 
“ were sligUly dista.rb»t of good quality. A. ttas louder thau P.. No murmur u-as 
audible but about one month after admission one observer noted a very soft systolic murmur 
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to a peak of 2(5 nmi. per hour on the ninth day following the attack. Following this peak 
it returned to normal levels. 

Electrocardiographic cliange.s were characteri.>^tic of the anterior apical type of 

infarction. The record obtained on the morning after the acute episode (Pig. 3, a) showed 
a short Q,. elevation of the S-Tj and S-T^ segments, and slight depression of the S-T„ and 
S-T, segments. T, and were deeply inverted. By March 6, the S-T segments had become 
isoelectric, but T, and had become more deeph' inverted. This degree of inversion increased 
progressively and remained high until discharge (Pig- 3 h). 

After the mild pains of the first few days, the clinical course was essentially asymp- 
tomatic. Ho was given phenobarbital and aminoplu'lline tliree times daily. After three weeks 
of bed rest he was allowed up slowly and progressively. He remained asymptomatic except 
for sliglit tiredness after walking, but his strength rapidl}’ returned. An x-ray film of the 
chest taken on March 29 showed a slight relative prominence of the left ventricular portion 
of the heart but was otherwise negative. He was di.scharged to his home on April 5, 1945. 


DISCUSSION 

There can be little doubt that while under our observation the patient had 
one quite typical myocardial infarction, probably the result of coronary occlu- 
sion on the basis of coronary arteriosclerotic disease. It is also probable that 
the episode just prior to his first hospitalization overseas represented more than 
a transient myocardial ischemia and may have been an infarction, though the 
only objective evidence to support this was the one electrocardiogram showing 
inverted Tj and waves, which had become essentially normal, except for 
left axis deviation, in the electrocardiogram taken nine days later. Sixteen 
days following' his second, and most severe, bout of pain overseas, an electro- 
cardiogram was again, or still, normal except for left axis deviation. 

The .symptoms in these three attacks were similar to those in numerous 
other attacks he experienced during the month prior to overseas hospitalization 
and during his subsequent course under observation, except that the substernal 
pain was more severe. Many of these attacks were apparently precipitated by 
effort, though some definitely were not. Whether they represented attacks of 
true angina pectoris or hyperactive carotid sinus reflex is a matter for con- 
.jeeture. They were not entirely typical of either, but had some of the features 
of both. The fact that stimulation of the carotid sinus region reproduced the 
symptoms indicates that this reflex at least was hyperactive, but there is also 
evidence that coronary disease was present. An infarction could hardly be at- 
tribuled to a hyperactive carotid sinus (cardio-inhibitory) reflex. 

j 

To enter into a ph.ysiologic discussion of the mechanism of production of 
these symptoms in this particular case is beyond the scope of this paper. Suffice 
it to say that probably the same effector end organs were activated both by the 
reflexes initiated by myocardial ischemia and by the hyperactive carotid sinus 
reflex. Though the carotid sinus reflex is mentioned as one of the mechanisms 
affecting myocardial nutrition in Gross and Sternberg’s report of 15 eases of 
myocardial infarction without- demonstrable occlusion of the coronary arteries,® 
this etiological factor has not been proved in any case. In discussing reflexes, 
Gross and Sternberg state: “Sudden death, which sometimes occurs, may be 
due to cardiac standstill resulting from extreme vagal stimulation, but it is 
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Fig. 3. — a. Electrocardiogram taken Feb. 26, 1945. twenty-four hours after a severe at- 
tack of substernal pain and pain in neck and jaws, b, Electrocardiogp-am 

The records are typical of acute (a) and residual (b) changes of anterior apical myocaraia 
infarction. 

On examination he had an anxious appearance. The pulse was regular and of good 
quality. The rate was 82 per minute. The examination of the heart was negative. The blood 
pressure was 138/92. Immediately iifter examination he was given % grain of morphine and 
placed on bed rest. In about an hour and one-half a .‘■econd dose of morphine was admin- 
istered and the pain gradually disappeaied, though he lequired another Vi grain of morphine. 
He continued to have some aching and pres.sure in the precordial region for three to four days. 
Subsequently he had no complaints. Examinations of the heart after this acute episode weie 
not significant. At no time was a friction nib heard, and at no time did the blood pressure 
fall below 120/80. The average was 130/80. 

Laboratory studies on the day following this attack showed a white blood cell count 
of 10 150 per cubic millimeter, with a differential count of 82 per cent neutroplules and 18 
per cent lymphocytes. The wMte count varied between 8,000 and 11,000 for the next four 
weeks The sedimentation rate was 6 mm. per hour on the day following the attack and rose 
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Moses, W. B.: The Early Diagnosis of Phlehotbromhosis. New England J. Med. 234: 

288 (Feb. 28) 1946. 

The high incidence of phlebothrombosis of the leg veins and the importance of early 
diagnosis are stressed, A simple clinical test is described for differentiating early phlebo- 
thrombosis from lesions simulating it. The test consists of two maneuvers. The first 
maneuver comprises a careful search for tenderness in the deep posterior calf by direct com- 
pression with the fingertips in the anteroposterior direction. The second maneuver consists in 
compressing the calf between the fingers and the palm in a lateral direction. In early 

phlebothrombosis this lateral compression is painless or relatively so, as compared with 

the first maneuver. The great majority of lesions simulating incipient thrombosis are accom- 
panied by considerable tenderness on lateral compression. The findings in a case of peripheral 
neuritis, however, may be similar to those in a ease of phlebothrombosis; accordingly, a brief 
neurological examination of the extremity is included as the third maneuver. Naide. 

Lange, K., and Loewe, L.: Subcutaneous Heparin in the iPitkin Menstnium for the 

Treatment of Experimental Human Frostbite. Surg., Gynec. & Obst. 82: 256 (March) 

1946. 

Previous animal experimentation demonstrated that the timely use of heparin pre- 
vented gangrene, \vhereas untreated control animals uniformly developed gangrene as 
a result of experimentally induced frostbite. Only after at least seventy-two hours does 
organization of the erythrocytes occur in the smaller vessels. Tlie use of heparin early in 
this prethrombotic stage prevents organized thrombi from forming. The authors applied 
these findings to a study of the use of heparin in eight Imraan volunteers in whom artificial 
frostbite was produced. Small areas of frostbite were produced by the use of dry ice. 
Heparin in Pitkin’s menstruum was deposited subcutaneously or intramuscularly. None of 
the volunteers developed any tissue loss while the control lesions showed central necrosis. 
The Pitkin menstruum was designed to regulate the 2 -elease of water soluble drugs and is 
composed of gelatin, dextrose, glacial acetic acid, and water in definite proportions. 

Naide. 

Stevens, C. D., Kotle, J. H., Smith, C. C., and McGuire, ff,: The Treatment of Human 

Hypertension With a Kidney Extract. Am, J. M. Sc. 211: 227 (Peb.) 1946. 

The authors report the treatment of four carefully controlled, hypertensive patients ivith 
a kidney extract which contained no renin or angiotoninase activity. A concentrated extract 
was prepared which was of relatively low toxicity. 

Three of the patients showed during treatment a noteworthy fall in blood pressure, asso- 
ciated with fever. The fourth patient, who developed little fever, demonstrated only a slight 
depressor effect. However, blood ijressure measurements made during the aftemoon peak of 
the fever \vere not appreciably lower than those made in the morning before the temperature 
began to rise. The two subjects who demonstrated the greatest fall in blood pressure ex- 
hibited hypersensitivity reactions and developed serum precipitins. The fall in blood pressure 
during thiocyanate administration was of the same magnitude as that following the adminis- 
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also possible that such vagal stimulation may produce reflex coronary vasocon- 
striction and myocardial ischemia.” 


SUMMARY 

1. A case I’eport is presented in which a hyperactive carotid sinus reflex 
and coronary arteriosclerosis were present. 

2. The fact that symptoms produced by stimulation of the carotid sinus 
were similar to tlie patient’s spontaneous s.ymptoms made it impossible to de- 
termine whether they were produced by the hyperactive carotid sinus reflex 
or were true angina pectoris resulting from myocardial ischemia. 

3. During observation the patient had a typical myocardial infarction. 
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therefore made of extrathoracic (chest rvall) auscultation and intrathoracic auscultation in 
about 50 patients with normal hearts. About 20 were examined during the refilling of a 
tlierapeutic pneumothorax and the rest were examined during a pneuniol}"sis. Before the op- 
eration was started, phonocardiograms were recorded from various points over the pre- 
cordium. After refilling of a pneumothorax was finished, the needle used for the operation 
Avas connected dii’ectly with the recording microphone by a 3 to 4 cm. rubber tube. In the 
patients who had undergone pneumolysis, one of the tAvo cannulae AA'hich are inserted after 
the .Tacobaeus operation Avas closed, and the other Avas connected directly AA’ith the microphone. 
Simultaneous electrocardiograms Avere made. 

It AA'as found that the heart sounds inside the chest have a sonorous character Avith fre- 
quencies averaging 35 cycles per second in comparison with their high-pitched, metallic quality 
outside the chest AA-here their frequencies are about 125 cycles per second for the first sound 
and 100 cycles for the second sound. The additional higher frequencies of the extrathoracic 
sounds are picked up AA-hile the sounds traA’el from the cardiac surface to the surface of the 
body. 

The first heart sound in the intrathoracic pneumocardiogram consists usually of only 
four cycles representing, respectively, isometric contraction of the right and left ventricles 
and opening of the right and left semilunar vah-es. The finst sound may be preceded by a 
ta-sound (single Avave) AA'hicli originates at the time of closing of the mitral valA'e. The sec- 
ond sound consists of Iavo and, less frequently, three cycles, recording the closure of the two 
semilunar valves. The intrathoracic phonoeardiogram frequently contains a third heart 
sound. This demonstrates that the latter actually originates in the heart. The auricular 
contraction sound preceding the first sound is also frequently seen. Laplace. 

Aikawa, J. K.; Hypersensitivity and Rheumatic Fever. Ann. Int. lied. 23: 96f) (Dec.), 

1945. 

This study consists of a very extensiA'c review of the literature pertaining to the 
relation of rheumatic fever to hj-persensitivity. 

Part I is concerned Avith hypersensitivity, antibodies, serum sickness, allergy, and the 
interrelation of these phenomena. The evolution of the concepts of this interrelationship 
is followed through successiAm reported studies, and the more recent concepts of various 
authors are presented. 

Part II is concerned Avith the literature which presents evidence for a relation be- 
tween liypersensitiA’ity and the rheumatic process. The .similarity between some mani- 
festations of rheumatic disease and serum sickness is emphasized, as well as the general 
similarity between histologic changes in rheumatic disease and the proliferatiAm in- 
flammation of connective tissues found in sensitized animals following injection of the 
.specific irritant. Included in the reA'ieAv are reports on the treatment of rheumatic sub- 
jects Avith salicylates and investigations which have been made to determine a rationale 
for such therapy in terras of immunologic reactions. T. N. Harrls. 

Kety, S. S., and Schmidt, C. F.: The Effects of Active and Passive Hyperventilation of 

Cerebral Blood FIoav, Cerebral Oxygen Consumption, Cardiac Output and Blood Pres- 
sure of Normal Young Men. J. Clin. Investigation 25: 107 (Jan.), 1946. 

Both active and passive hyperventilation by normal human subjects is accompanied 
by a diminution in cerebral blood flow amounting to 33 to 35 per cent (average) of the 
control volume flow. Carbon dioxide content, carbon dioxide tension, and hydrogen ion 
content of arterial blood diminish significantly, and the cerebral arteriovenous oxygen 
difference increases. During active hyperventilation cardiac output increases by an aver- 
age of 2 per cent whereas during passiA'e hyperventilation cardiac output decreases 11 per 
cent below the control vmlues. Mean arterial pressure increases 12 per cent above the 
control during activ’e hyperAmntilation and 8 per cent aboAm the control during passive 
hyperAmntilation. It is of considerable interest that cerebral oxygen consumption is in- 
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tration of ludney extract in two cases but was not as marked as in the tJiird patient whose 
blood pressure dropped. 

The results obtained with this kidney extract do not recommend its use. Until the 
toxic effect of such kidney extracts can be eliminated, their therapeutic evaluation null be 
difficult and the mechanism of their action will be undetermined. Naidf 


Master, A. M., and Eichert, H.: Functional Paroxysmal Auricular Pibrillation. Am J 

M. Sc. 211: .336 (March) 1946. 

By tile term ‘ ' uncomplicated or ianetiona] paroxysmal auricular fibrillation^" is meant 
that type in which no evidence of organic heart disease can be demonstrated. This type of 
arrhythmia was not infrequentlj' encountered in Naval personnel. The authors report a series 
of five cases in which the chief presenting symptom was "palpitation’" or "pounding of the 
heart." They suggest that many cases Avhich are diagnosed clinically as paroxysmal tachy- 
cardia are actuallj' eases of paroxysmal auricular fibrillation. They also stress the importance 
of psychogenic or nervous factors in the production of paroxysmal auricular fibrillation. This 
was especially true among su.sceptible individuals wlio had been placed under unusual stress 
and strain. 

From the .standpoint of treatment, removal of the cause is important, particularly 
any factor disturbing the patient’s mental equilibrium. E.xeessive e.vertion, mental and 
physical fatigue, lack of sleep, overindulgenee in tobacco and coffee, and gastric distention 
should be avoided. They have obtained good results by the administration of digitalis or 
quinidine. In the absence of quinidine, they have administered potassium acetate, 1 or 2 Gm. 
three times daily. It is advisable that patients with this functional an-hythmia should be 
discharged from the Navy or retained for limited shore duty only. BeX/LET. 


Groedel, F. M., and Miller, M.; Esophago-cardiogram. Exper. liled. Sc Surg. 4: 26 (Peb.) 
1946. 

The esoidiagogram contains weaves produced by the movements of the heart. It was 
studied as the esophago-cardiogram by the following technique. The tube of Einhorn’s 
cardia dilator rvas introduced into the esophagus up to the cardia of the stomach, its outer 
end %vas connected with a microphone, and the system wns filled w’itli a few cubic centimeters 
of air. The microphone recorded on a three-string galvanometer simultaneously with Lead CEj 
and the heart sounds. The balloon was drarvn out slowly, a record being made every 1 or 2 
inches. 

The esophago-cardiogram obtained with the balloon placed below the level of the left 
auricle is identical with the phlebogram obtained over the jugular bulb with a loaded re- 
ceiver bell. It reflects most of the mechanical events occurring during auricular systole and 
diastole and ventricular systole. The action of the left auricle is represented by a positive 
a wave, produced by and reflecting the a wave of the vena cava. The ventriculodiastolic 
part of the esophago-cardiogram forms a v wave or a "v + d" wave. When the end of the 
tube is placed at or above the level of the auricle, the auricular wave is negative because the 
receiver balloon records here the movements of the auriculai’ Avail. The ta wave, representing 
probably the closure of the A-V valves, the b rvaves, caused by the isometric contractions of 
the ventricles, and the c complex, which reflects the isotonic contraction and ejection phase of 
the ventricles, are recorded throughout the esophagus. Laplace. 

Borchardt, P. R., and Groedel, F. M.: Intrathoracic Auscultation in the Pneumothorax. 

Exper. Med. & Surg. 4: 34 (Peb.) 3946. 

In order to determine how the physical character of the heart sounds becomes altered 
while traveling from the cardiac suiface to the surface of the chest, it is necessary to eliminate 
the lungs and the chest wall and study the heart sounds inside the thorax. Comparison Avas 
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(1) those in ^rhom there was no suspicion of coronary heart disease, (2) those in whom 
coronary disease was suspected, and (3) those in whom the presence of coronary disease 
was very probable or certain. The criteria for a positive test were the same as those 
established by LeNy and his associates in 1938. The technique employed was similar to 
that originallj’’ described by Levy and his co-workers, inhalation of 10 per cent oxygen 
and 90 per cent nitrogen for twenty minutes, except for minor technical modihcations 
of the apparatus which delivered the gas mixture. In attempting to correlate the clinical 
findings with the electrocardiographic changes produced by the h 5 ’poxemia tests, the records 
were interpreted without any knowledge of the clinical evidence. The incidence of posi- 
tive tests in Groups 1, 2, and 3 was 3 per cent, 20 per cent, and 30 per cent, respectively. 
However, when the cases in which there were “coronary^’ cardiographic changes before 
the test were excluded from the calculation, the incidence of positive tests in Groups 1, 
2, and 3 was 2 per cent, 18 per cent, and 23 per cent, respectively. It was also observed 
that the test was positive in only 5 of 18 patients who had healed myocardial infarction 
and still suffered from angina pectoris. In the opinion of the author the results appear 
to indicate that the value of this test in the diagnosis of coronary disease cannot yet be 
decided in any final .sense at tJiis time. Wendkos. 


Lyons, Er. H., and Burwell, C. S.: Induced Changes in the Circulation in Constrictive Peri- 
carditis. Brit. Heart J. 8: 33 (Jan.), 1946. 

The physiologic alterations and adaptations which accompany constriction of the 
pericardium were studied in two patients before and after pericardiolysis. An attempt 
was made to establish correlations between cardiac output, venous pressure, blood volume, 
circulation time, and heart rate. Spontaneous fluctuations in the level of the venous pres- 
sure, as well as sudden alterations of the venous pressure induced by rapid infusions or 
rapid phlebotomy, could be correlated only with blood volume and were found to bear no 
relationship to alterations in the heart rate or cardiac output. Further observations in 
one case following the alternate use of diuretics and sodium chloride seem to indicate that 
the elevated venous pressure, which is a conspicuous feature in constrictive pericarditis, 
is due to mechanisms similar to those "which operate in cases of congestive failure without 
pericardial constriction, such as a rise in blood volume due to retention of sodium. The 
authors also speculate upon the adaptive mechanisms which occur in constrictive peri- 
carditis and emphasize that a high venous pres.sure in this condition, unlike circumstances 
in which diastolic failure of the heart is due to tamponade by fluid in the pericardium, 
cannot be an effective compensation for the reduced cardiac output. On the other hand, 
the beneficial effect of tachycardia, either spontaneous or induced, is demonstrated from 
measurements of cardiac output and venous pressure. The authors also emphasize that 
since digitalis maj’- induce slowing of the sinus rate, this drug is contraindicated in the 
treatment of con.strictive pericarditis before adhe.sions are released. Wendkos. 


Schnitzer, B., and Gutmann, D,; M 3 ^edema With Pericardial Effusion. Brit. Heart J. 8: 

25 (Jan.), 1946. 

In a completely studied case of myxedema associated with marked enlargement of 
the heart shadow and with few signs or symptoms of cardiac failure, the authors present 
data which seemed to confirm the view of previous observers that part of the cardiac 
enlargement in “myxedema heart” is to be ascribed to an associated pericardial effusion. 
In their case, the presence of pericardial effusion was established by paracentesis "with 
removal of 60 c.c. of straw-colored fluid from the left side of the pericardium. Serial 
electrocardiograms were made during the period of observation. The disappearance of 
the low voltage of all the electrocardiographic deflections in the standard limb leads and 
the return of the heart shadow to normal diameters following treatment with thyroid 
extract is explained by the authors as the result of dissipation of the fluid surrounding the 
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creased by lo per cent above the control value during active hyperventilation whereas dur- 
ing passive hyperventilatio-n the average change is 0 per cent. The increase in cerebral 
oxygen consumption during active hyperventilation is attributed to an increase in cerebral 
metabolic activity incident to the mental effort involved. The reduction in cerebral blood 
ow during hyperventilation is related to the diminution in carbon dioxide content of the 
blood thus produced. FRrEnr.Axn. 


Jager, B. V., and Alway, B.; The Treatment of Acute Ehenmatic Fever With Large Doses 
of Sodium Salicylate, With Special Reference to Dose Management and Toxic Mani- 
festations. Am. .T. hi. Sc. 211: 27.^ (March), 1946. 

The results of tlie treatment of rheumatic fever by massive doses of sodium salicylate 
are evaluated. In the adult group of 18 patients, clinical and laboratory evidence of 
rheumatic activity appeared to vanish in six patients ivith initial attacks and in five of 
12 patients with recurrent episodes. In all of the 18 adult patients, rapid symptomatic 
improvement occurred within a few days after therapy was begun. There was no fever 
after the end of the second week. Anemia, which was present in some cases at the time 
of admission, disappeared in every instance during therapj’’. 

Good results were also obtained in a group of eight children but were not as striking 
as in the adult group. No serious intoxication appeared in any patient whose plasma 
salicylate level was less than 400 mg. per cubic centimeter. Some patients were able to tolerate 
levels above 500 mg. per cubic centimeter for prolonged periods without difficulty. In spite 
of significant prolongation of the prothrombin time, hemorrhagic manifestations were ob- 
served in only one instance. Bellet. 


Braun, K.: Paravertebral Block and the 
Heart J. 8: 47 (Jan.), 1946. 


Electrocardiogram in Angina Pectoris. Brit. 


Considering the electrocardiogram as a method of evaluating the coronary circulation, 
the author studied the effect of block of the upper four thoracic paravertebral ganglia in 
a series of twelve patients who had angina pectoris. Pour to seven injections were given 
at intervals of three to six days. The first injection utilized novocain, while the remainder 
consisted of novocain and alcoliol. Electrocardiograms were taken before and after treat- 
ment, and, in seven cases, immediately before and twenty-four hours after the first in- 
jection. 

Eleven patients had abnormalities of the electrocardiogram before treatment. Tn 
three instances, in which the abnormalities consisted, respectively, of bundle branch block, 
myocardial infarction, and negative T waves in all leads, there was no improvement in the 
electrocardiogram after block. In eight eases, improvement in the electrocardiogram 
occurred. Improvement was generally maximal at the end of treatment, although in four 
cases a positive effect was present twenty-four hours after the first block. The improve- 
ment could be explained by increase in coronary blood flow due either to a direct effect 
of the block or to abolition of reflex spasm accompanjdng the relief of pain. No con- 
sistent parallelism was found, however, between the improvement of the electrocardiogram 
and the persistence and severity of the anginal pain. In one case the electrocardiogram 
at first improved, then became more abnormal although the patient was relieved of pain; 
in other cases, the patients had recurrence of angina although the electrocardiogram im- 
proved. 


Laplace. 


Biorck, G.: Hypoxemia Tests in Coronary Disease. Brit. Heart J. 8: 17 (Jan.), 1946. 

The subject of induction of electrocardiographic changes following the administration 
of low oxygen mixtures iu the diagnosis of coronary artery disease is discussed. An 
analysis is presented of the results of 350 hypoxemia tests performed on 326 patients, 
of whom 166 were men and 160 were women. Tlie patients were divided into three groups: 
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is suggestive of sinoauricular block in sinus rhythm. In the absence of any more precise 
explanation of its cause, this type of block may be regarded as a peculiarity of both the 
sinoauricular and auriculoventricular nodes. Laplace. 

Eaynaud, E.: Hsrpertensive Accidents Following the Injection of Acetylcholine. Arch. d. 

mal. du coeur. 38: 217 (Sept.-Oct.) 1945. 

The injection of acetylcholine has been found to occasionally produce transient hyper- 
tension. An instance of this reaction is reported in the case of a %Yoman 63 years old. 
The patient had sustained a sudden left hemiplegia. A half hour later, the author admin- 
istered an injection of 0.20 Gm. of acetylcholine. Within twenty minutes, the blood pres- 
sure increased from 140/80 to 220/120, and the patient had an attack of acute pulnionarj' 
edema. Venesection, sedation, and the intravenous administration of ouabain were fol- 
lowed by recovery and return of the blood pressure to its previous level. 

The acetylcholine which was used in this case had been in the possession of the author 
for seven years. It is pointed out that although the characteristic action of acetylcholine 
is to lower the blood jjressure, the drug may cause marked h 5 'pertension when it is no 
longer fresh. It is possible that acetylcholine may also elevate the blood pressure when 
given following the administration of atropine. The author has been unsuccessful, how- 
ever, in eliciting this reaction in normal subjects. He emphasizes the danger involved in 
using old solutions of acetylcholine, deterioration of which was undoubtedlj' the cause of 
the serious complication encountered in his patient. Laplace. 

Berconsky, I., and Newman, J.: Mitral Stenosis and Arterial Hypertension. Rev. argent. 

de cardiol. 12: 94 (May-June) 1946. 

Ill view of existing divergence of opinion regarding the significance of the co-existence 
of mitral stenosis and arterial hypertension, a study was made of 150 patients, 74 with 
mitral stenosis and 76 with mitral disease. 

Arterial hypertension as indicated by a blood pressure of 150/90 or higher was present 
in 28 per cent of the total group. Its incidence among ivomen was twice that encountered 
among men. In patients over 40 years of age the incidence of hypertension was 50 per 
cent. The association of mitral stenosis and hypertension appeared about twice as fre- 
quently among Jewish patients as compared with non- Jewish patients. 

It is concluded from this study that arterial hypertension has the same incidence 
among jiatients who have mitral disease as occurs in the general population, and that the 
association therefore does not depend upon factors peculiar to the valvular disease. 

Laplace. 

Cohen, S. M.: The Surgical Management of Peripheral Vascular Disorders. Post-Grad. il. 

J. 22: 1 (Jan.) 1946. 

This is a review of surgical procedures uised in the treatment of spastic and organic 
arterial diseases, costoclavicular compression thrombosi-s, erythromelalgia, and posttraumatic 
painful states. Diagnostic methods used in the study of patients with peripheral vascular 
diseases are discussed. The usefulness of sympathectomy in the various disorders is evaluated. 

Naide. 

Cohen, S. M.: The Surgical Management of Peripheral Vascular Disorders. II. Vascular 

Trauma. Post-Grad. M. J. 22: 50 (Feb.) 1946. 

This is a review of advances and trends in the treatment of vascular injuries. Gen- 
eral rules regarding ligation following arterial injury are outlined. The management of 
the consequences of arterial contusion is desciibed. The author reviews and describes his 
own approach to the management of traumatic arterial spasm, Volkmann's contracture, 
vascular repair and vein grafting, false aneurysm, and arteriovenous fistula. The manage- 
ment of the ischemic extremity in a patient who has suffered a vascular injury is outlined. 

Naide. 
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heart. The amplitude of the auricular and ventricular deflections in the tracings made 
before, during, and after treatment with thyroid extract bore no relationship to the heart 
rate, the increase in voltage occurring without any cardiac acceleration. Wexdko.s. 

Leijuieme, J., and DenoUn, H.: Changes in the Coronary Circulation in the Course of 
Aortic Insufficiency in Young Subjects. Arch. d. mal. du coeur, 38: 225 (Sept -Oct ) 
194.5. ^ 


Three cases are reported in which attacks of angina pectori.s occurred in patients who 
had rheumatic aortic insufficiency. The patients were 14, 15, and 29 years old, respectively. 
The attacks of pain were independent of ph 3 'sical exertion and occurred most frequently 
at night. Thej' w'ere usually' accompanied by tacln-cardia and increase in blood gressiire. 
Electrocardiograms W'ere made during the attacks and revealed transient S-T interval de- 
viation similar to the changes induced by effort in patients who have coronarj’^ disease. 
The various explanations which have been offered as to the cause of anginal pain in the 
presence of aortic in.sufficiency are discu.ssed. The author believes that his observations 
favor the view that the pain re.sults from a disproportion between the coronarj' circulation 
and the work of the heart. Laplace. 

Broustet, P., Bergouignan, M., and Leger, H.: Flutter and Auriculo-Ventricular Dissocia- 
tion in a Patient With Myopathy. Arch. d. du cceur. 38: 212 (Sept.-Oct.) 1.945. 

The case is presented of a man, aged 54 j-ears, who had long standing progressive 
muscular atrophj’ of idiopathic tr'pe. At an advanced stage of the disease but while he 
was still able to work, the patient began to have manifestations of cardiac insufficienc}'. 
A phj'sician noted that the pulse rate was 40 per minute, the blood pressure was 220/110, 
and the heart was enlarged. After a month of treatment, the patient returned to work, 
but five months later he was admitted to the hospital because of two episodes of syncope. 
An electrocardiogram revealed auricular flutter with a rate of 200 per minute. The ven- 
tricular complexes were rclativelj'- normal but occurred at a rate of 40 per minute and bad 
no constant time relationship to the auricular waves. There were no further manifesta- 
tions of cardiac insufficiencj' and, when last observed, the patient had no sjTnptoms except 
those caused bj' his muscular dj’strophy. Ifo subsequent change occurred in the electro- 
cardiogram and even full digitalization failed to influence the constant auricular and ven- 
tricular rates. The cause of the lieart disease responsible for the arrhythmia was not de- 
termined; the authors consider the possibility that it maj' have been related to the skeletal 
mj-opathj*. Laplace. 

Jourdan, F., Froment, E., Gallavardin, L., and Baud, A.: Three Observations on Chronic 
Experimental Nodal Ehythm by Surgical Ablation of the Sinus Node. Arch. d. mal. 
du co3ur. 38: 197 (Sept.-Oct.) 1945, 

The authors call attention to the fact that the criteria for the diagnosis of nodal 
brad.ycardia are variable and often uncertain. An investigation was therefore made which 
involved electrocardiographic studie.s on dogs in which surgical ablation of the sinus node 
had been performed. Two of the dogs were observed over a period of three to four years. 

Variation of the P-E interval with wandering pacemaker occurred onh- in the first 
months after operation and could be caused to disappear bj' the injection of atropine. The 
phenomenon is regarded as an effect of vagal tonus and in that respect is comparable to 
sinus arrhytlimia. Polymorphism of the P waves, however, was more or less constant and 
could not be abolished by atropine. 

There occur occasionally in cases of pure nodal rhythm, blockage of the P waves and 
atypical ventricular complexes which are not premature and therefore suggest ventricular 
escape. Physiologic vagal tonus appears responsible for these anomalies. It seems indeed 
to exert a much more marked effect on nodal rh^dlim than it does on sinus rhythm. A 
more unusual occurrence is sudden doubling of the rate or an abrupt lengthy pause which 
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enterococcal, clinical arrest in, 382~ 
experimental, rheumatic-like and bacterial 
in rats. 111* 

human, Actinomyces septicus from (Ble- 
vins and Mac Neal), 663 
•subacute bacterial, penicillin treatment of, 

, 384~, (Monroe), 651. 658* 

Streptococcus s.b.e. in. 383" 
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CoW, lieat ami, action of, on electrogram of 
cardiac ventricle, 107“ 
Conduction, multiple disturbances of rhythm 
and, unusual auricular T rvave in 
case of‘ myocardial infarction 
(Miller and Perelman), 501 
Congenital defect of aortic vestibule com 
idicated by bacterial endocarditis 
with perforation and death from 
cardiac tamponade (Medalia and 
TDrapiewski),- 103 

heart disease, M’olif-Parlcinson AYhite syn- 
drome in association nith: coarc_ 
tation of aorta (Bodlander), 7S5 
Congestive heart failure, right ventricular, 
venous pressure in patients with 
(Winsor and Burch), 397 
Constrictive pericarditis, metastatic car- 
cinoma as cause of (Wallace and 
Logue), 223 

Construction of vectorcardiogram from Ein- 
thoven electrocardiogram, method 
for (Howard), 191 

Control, rate and, of blood flow through 
' skin of loAver extremities (Goetz), 

146 

Cor pulmonale, chronic, 522^ 

Coronary artery disease among physicians, 
243* 

circulation, changes in, in course of aortic 
insufflciencv in young subjects, 
804* 

disease, hypoxemia tests in, 802* 

with angina, treatment of, by pericoro- 
( nary neurectomj' , combined with 

ligation of groat cardiac vein 
(Fauteux), 260 

failure, fatal, ivithout infarction; report 
of case (York and Bell)_, 780 
thrombosis, acute, dicumarol in, 522 
Cuff or sidiygmomanomcter, differences in 
blood pressure values determined 
by inflating and deflating (Cun- 
ningham), 220 

Curacao, Netherlands West Indies, occurrence 
of ' rheumatic carditis in native 
population of, 658* 

Cutaneous diphtheria, myocardial complica- 
tions of (Kay and Lmngood). 
744 

Cycle, cardiac, in electrocardiograms of 
normal men, analysis of time rela- 
tionships within (Sclilamowitz), 
329, 464, 473 . . u -p 

length (K-B interval), duration of 1 -B 
interval and its relationship to 
(Sehlamowitz) , 473 

duration of Q-T interval and rela- 
tionship to (Beldaniowitz), 329 
duration of T-P interval and its rela- 
tionship to (Schlaniomtz), 464 

D 

T-iao+n following intravenous administration 
Death bydrocliloride, 243* 

nerforation and, from cardiac tamponade, 

^ congenital defect of aortic vesti- 


Deatli — Cont'd 

bule complicated by bacterial 
endocarditis with (Medalia and 
Drapiewski), 103 

Defect, congenital, of aortic vestibule com- 
plicated by bacterial endocarditis 
with perforation and death from 
cardiac tamponade (Medalia and 
Drapiewski), 103 

Defects, congenital, following maternal ru- 
bella, 656* 

multiple congenital cardiac, cure of sub- 
acute bacterial endarteritis by 
surgical ligation in a patient with 
patent ductus arteriosus compli- 
cated by presence of (Ziegler), 
231 

Degeneration, endocardial and subendo- 
cardial, mural thrombi, and 
thromboses of thebesian veins, 
presence ' and pathogenesis of, in 
cardiac failure from causes other 
than myocardial infarction 
(Flynn and Mann), 757 
Dehydration, salt depletion and, hemo- 
dynamic changes in, 6G0* 

Denver scJiool children, prevalence of rheu- 
. matic heart disease in, 250* 
Diabetes, hypertension and, small adenomas 
of adrenal cortex in, 520" 
Diameter, transverse, of heart, method for 
orthodiagraphie measurement of, 
by means of simple fluoroscope 
(Howard), 724 

Dicumarol in acute coronary thrombosis, 522* 
Digitalis, effect of certain drugs upon car- 
(liotoxic lesions of, in dog 
(Kyser et ah), 451 

Dilatation, congenittil, of pulmonary artery, 
contribution to study of, 656* 
Diphtheria, cutaneous, myocardial complica- 
tions of (Kav and Livingood), 
744 


Dissection, acute, coarctation and, of aojta 
associated with pregnancy, 247* 
Disturbances, multiple, of rhj’thm imd com 
duction and unusual auricmar ^ 1 
wave in case of myocardial in- 
farction (kliller and Perelman), 
501 


iuretics, mercurial j intolerance jis shown 
by skin sensith-itj;, 378* 
thromboplastic properties of some 
(Macht), 460 

rugs, certain, effect of, upon cardiotoxic 
lesions of digitalis in dog (Kyser 
et ah), 451 

uctus arteriosus, patent, complicated by 
presence of multiple congenital 
cardiac defects, cure of subacute 
bacterial endarteritis by ligation 
in patient with (Ziegler), 231 
v'^tronhv, progressive muscular, changes in 
musculature of gastrointestmaj 
tract and in myocardium in, 242 
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Hemodynamics of acute hemorrhage in man 
(Brannon et ah), 407 

Hemolj’tic streptococcus sore throat, abnor- 
malities in electrocardiogram fol- 
, lowing, 658* 

Hemorrhage, acute, in man, hemodynamics 
of (Brannon et ah), ^07 
or trauma of limbs, effects of positive 
pressure respiration on circula- 
tion and respiration when com- 
bined with (Carr and Essex), 64 
Hemorrhagic phenomena in scrub typhus 
(Levine), 325 

shock; definition and criteria for its diag- 
nosis, 660* 

Heparin, subcutaneous, in Pitkin menstruum 
for treatment of experimental 
human frostbite, 709* 

Hepatitis, infectious, electroeaidiographic 
changes in cases of (Dehn et ah), 
183 

Hj'peractive carotid sinus reflex, angina pec- 
toris, and myocardial infarction, 
case report of similar symptoms 
produced by (Glenn and Read), 
792 

Hj'persensitivity and rheumatic fever, SOI* 
Hypertension and diabetes, small adenomas 
of adrenal cortex in, 520* 
arterial, critical study of medical treat- 
ment of, 523* 
mitral stenosis and, 805* 
production of, by chronic renal artery- 
nerve stimulation, 246* 
surgical treatment of, 521“ 
effect of splanchnic resection on periph- 
eral blood flow and rectal and 
skin temperatures in (Stewart 
et ah), 728 

essential, typical headache of; etiological 
considerations and report of new 
> form of therapy, 250* 

experimental neurogenic, circulation in, 
110 * 

heart disease or, re-examination of veter- 
ans discharged because of, 520* 
human, treatment of, with kidney extract, 
799“ 

peripheral blood flow and rectal and skin 
temperatures in (Stewart et ah), 
617 

range of blood pressure in, 383* 
sodium restriction in diet for, 112* 
studies in; V. Effect of high spinal anes- 
thesia on blood pressure of pa- 
tients with hj-pertension and far- 
advanced renal disease — its pos- 
sible relationship to pathogenesis 
of hypertension, 379* 

venous, in man, normal venous ])ressure 
values and study of certain clini- 
cal aspects of ; use of phlebo- 
manometer (Winsor and Burch), 
387 


Hypertensive accidents following injection 
of acetylcholine, 805* 

cardiovascular disease, essential, in man, 
experiences with surgical treat- 
ment of, 245* 

Hypertrophy, cardiac, produced in rabbit by 
arteriovenous anastomosis, effect 
of closure of anastomosis, obser- 
vations relating to, 243* 
Hj-poxemia tests - in coronary disease, 802* 

I 

In memoriam — Fred M. Smith, 253 
Infancy and early childhood, pulse rate and 
blood pressure in, 378* 

Infarction, fatal coronary failure without: 

report of case (York and Bell), 
780 

myocardial, case report of similar symp- 
toms produced by hyperactive 
carotid sinus reflex, angina pec- 
toris, and (Glenn and Read), 792 
multiple disturbances of rhythm and 
conduction and unusual auricular 
T wave in case of (Miller and 
Perelman), 501 

presence and pathogenesis of endo- 
cardial and subendocardial de- 
generation, mural thrombi, and 
thromboses of thebesian veins in 
cardiac failure from causes other 
than (FljTin and Mann), 757 
Infections of upper respiratory tract, peri- 
carditis with effusion following 
(Nathan and Dathe), 115 
Infectious hepatitis, electrocardiographic 
changes in cases of (Dehn et ah), 
183 

Inferior vena cava, ligation of, for preven- 
tion of pulmonary embolism, 243* 
Infusions, intra-arterial and intravenous, 
effect of (I) ; paroxj-smal pul- 
monary edema consequent to 
stimulation of cardiovascular re- 
ceptors (Luisada and Sarnoff), 
270 

Injury at endocardial surface of left ven- 
tricle, electrocardiograi)hic 'eft’ects 
of (Bnyley), 677 

potential, cardiac, development and con- 
tour of, 525* 

Insomnia due to left ventricular heart fail- 
ure, 385* 

Insjriratory and expiratory resistance, rats 
breathing against (Reichsman), 
603 

resistance, rats breathing against (Reichs- 
man), 601 

Interatrial and sinoatrial block, with illus- 
trative case (Decherd et ah), 352 
Intolerance as shown by skin sensitivity: 

mercurial diuretics, 378* 
Intra-abdominal pressure and regulation of 
venous return, 107* 
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Enterococcal endocarditis, clinical arrest in, 
382* 

Epinephrine, acetylcholine and, action of, on 
turtle ventricle, 381* 
Esophago-cardiogram, 800* 

Ether anesthesia, bilateral cervical vagot- 
omy and sympathotomy in rat 
under (Reichsman), 595 
Etiology and mechanism, massive left 
auricle with special reference to 
(Parsonnet et ah), 438 
Exercise, bed, and early rising, studies of 
circulation lying and standing, of 
tremor, and of (I) ; convalescence 
from surgical procedures, 249* 

effect of, on size and shape of T wave 
(Dehn et ah), 188 

step-up, on benches of different heights, 
pulse reaction to performing, 
654* 

test, mild, studies of various physiological 
responses to (II) ; convalescence 
from surgical procedures, 249* 
Experiments, pharmacologic (HI) ; parox- 
ysmal pulmonary edema conse- 
quent to stimulation of cardio- 
vascular receptors (Luisada and 
Sarnoff), 293 

Extrasj’stoles, epicardial and endocardial, 
configuration of, in chest leads, 
655* 

study of subjective sensations associated 
with (Kline and Bidder), 254 
Extremities, lower, rate and control of 
blood flow through skin of 
(Goetz), 146 

venous pressures in disorders of venous 
system of, 380* 

svmpathectoinized, blood flow in (Goetz), 
168 

E 

Fibrillation, auricular, and bacterial endo- 
carditis, coincidence of (McDon- 
ald), 308 

functional paroxysmal auricular, 800“ 

ventricular (Parsonnet et ah), 769 
Pluoroscope, simple, method for orthodia- 
graphic measurement of trans- 
verse diameter of heart by means 
of (Howard), 724 

Flutter and auriculoventricular dissociation 
in patient with myopathy, 804* 
Frostbite, human, experimental subcutaneous 
heparin in Pitkin menstruum fox- 
treatment of, 799* 

G 

Gastrointestinal tract, changes in muscula- 
ture of, and in myocardium in 
progressive muscular dystrophy, 
242‘ 

Glomerulonephritis, acute, ^ electrocardio- 
graphic changes in (LaDue and 
. Ashman), 685 

Gout and its effect on cardiovascxdar sys-. 
tern, 111“ 


H 

Harveian oiation on rheumatic fever and 
rheumatic heart disease, 246* 
Headache, t-vpical, of essential hypertension; 

etiological considerations and re- 
port of new form of therapy, 250* 
Heart and other organs, pathologic changes 
in, in scrub typhus fever (Le- 
xdne), 315 ■ 

atropinized denervated, effect of acetyl- 
choline on, B82* 

brain and combined acute vascular lesions-, 
of, clinical-pathologic study of 
i fifteen cases, 248* 

disease, congenital, brain abscess -with,. 
384* 

Wolff-Parkinson- White syndrome in 
association -with: coarctation of 
aorta (Bodlander), 785 
or hx-pertension. re-examination of vet- 
erans discharged because of, 520*- 
effects of emetine on, 379* 
of malaria on (Sprague), 426 
failure, congestive, in scrub typlius (Le- 
vine), 325 

left ventricular, insomnia due to, 385* 
right ventricular congestive, venous 
pressure in patients with (Winsor- 
and Burch), 397 

mechanism of action of jaundice on (Delin. 
et ah), 187 

method for orthodiagi-aphic measurement 
of transverse diameter of, by 
means of simple fluoroscope 
(Howard), 724 
myxoma of (Brown), 373 
i-ight, catheterization, circulation in pene- 
trating wounds of chest (Merrill 
et ah), 413 

pericardial tamponade from stab 
xvound of heart and pericardial 
effusion or empyema (Warren, 
et ah), 418 ‘ 

soxmds, auricular, recognition and clini- 
cal significance of, 659* 
stab wound of, and pericardial effusion or 
empyema, pericardial tamponade 
from; study utilizing method of 
right heart catheterization (War- 
ren et ah), 418 

tracheobronchial tree, and inferior vena 
cava of normal dogs, effects of 
positive pressure respiration on 
(Carr and Essex), 61 

Hearts, apparently normal, persistent ventric- 
ular bigeminal rhythm in, 659* 
Heat and cold, action of, on different com- 
ponents of electrogram of cardiac 
ventricle, 107* 

stroke, electrocardiographic changes fol- 
lowing, 383* 

Hemiplegia foUowing carotid sinus stimula- 
tion (Askey), 131 

Hemodynamic changes in salt depletion and 
in dehydration, 660* 
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^Myocardium, . musculature of gastrointes- 
linal tract and, cljanges in, in 
progressive muscular dvEtropliv, 
242" 

piimary, massive calcification Avitli ossi- 
fication of (Edelstein), 496 
IMyopatliy, flutter and auriculoventricular 
dissociation in patient vith, 804'" 
Mj'xedema vitli pericardial etfusion, 803^ 
Myxoma of heart (Brown), 373 

N 

Neurectomy, pericoronary (Fauteux), 2(53 
combined with ligation of great car- 
diac vein, treatment of coronary 
disease with angina by (Fau- 
teux), 2(50 

Neurocirculatory asthenia, unstable T waves 
in LfCads II and III in persons 
with (Wendkos and Logue), 711 
Neurogenic, mechanical and, elements (II) ; 

paroxysmal pulmonary edema con- 
sequent to stimulation of cardio- 
vascular receptors (Luisada and 
Sarnotf), 282 

Nodal rhythm, chronic experimental, three 
observations on, by surgical abla- 
tion of sinus node, S04‘‘ 

Nodules in rheumatic fever, 110’ 

Normal men, analysis of time relationships 
within cardiac cycle in electro- 
cardiograms (Schlamowitz), 329, 
464, 473 

Nutritional deficiency, relation of, to car- 
diac dysfunction, 525'^ 

O 

Olive oil, ellect of feeding, on absorption 
and deposition of cholesterol 
(VIH) ; experimental arterio- 
sclerosis, 381 

Orthodiagraphic measurement of transverse 
diameter of heart, method for, by' 
means of simple fluoroscope 
(Howard), 724 

Ossification of my'ocardium, primary, mas- 
sive calcification with (Edelstein), 
496 

Oxygen consumption, cerebral, cerebral blood 
flow, cardiac output, and blood 
' pressure of normal young men, 

effects of hy'pervcntilation of, 
801" 

P 

P wave, pulmonary', comparative study of, 
in chronic mitral and pulmonary 
disease, lOS" 

Papaverine hydrochloride, death following 
intravenous administration of, 
243 ^ 

Paravertebral block and electrocardiogram 
in angina pectoris, 802 " 


Paroxysmal pulmonary' edema consequent to 
stimulation of cardiovascular re- 
ceptors (Luisada and Sarnotf), 
270, 282, 293 

tachycardia, abnormal electrocardiogram 
following recovery from (Ward), 
645 

ventricular tachy'cardia (Freudlich), 557 
Patent ductus arteriosus complicated by 
presence of multiple ’ congenital 
cardiac defects, cure of sultacute 
bacterial endarteritis by surgical 
ligation in patient with (Ziegler), 
231 

surgical therapy of, 110" 

Pjithogenesis of pulmonary edema following 
bilateral vagotomy', studies on 
(Keichsman), 590 

Pathologic study' of thirty-one cases of scrub 
typhus fever with especial refer- 
ence to cardiovascular system 
(Levine), 314 

Penetrating wounds of chest, circulation in; 

study' by method of right heart 
catheterization (Merrill et al.), 
413 

Penicillin, clinical arrest of endocardial 
actinomycosis after forty'-four 
million units of (Mac Neal et 
ah), 668 

ineffectiveness of, in some cases of bac- 
terial endocarditis, 380" 
intrapericardial, pneumococcal pericarditis 
treated w’ith, 381^ 

Staphylococcus aureus septicemia and peri- 
carditis treated with (Zimmer- 
man and Durgin), 93 
ti'eatment of subacute bacterial endocar- 
ditis, 384^ (Monroe), 651, 658" 
Perforation and death from cardiac tam- 
ponade, congenital defect of 
aortic vestibule complicated by 
bacterial endocarditis with (Me- 
dalia and Drapiewski), 103 
Pericardial effusion, my'xedema with,. 803" 
or empyema, pericardial tamponade 
from stab wound of heart and 
(Warren et ah), 418 

tamponade from stab wound of heart and 
pericardial effusion ox empyema 
(Warren et ah), 418 

Pericarditis associated with uremia, electro- 
cardiographic changes in (Keith 
et ah), 527 

constrictive, induced changes in circula- 
tion in, 803* 

metastatic carcinoma as cause of (Wal- 
lace and Logue), 223 
pneumococcal, treated with intrapericar- 
dial penicillin, 381* 

Staphylococcus aureus septicemia and, 
treated with penicillin (Zimmer- 
man and Durgin), 93 
with effusion following infections of 
upper respiratory' tract (Nathan 
and Dathe), 115 
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Intra-arterial infusions, effect of (I ) ; parox- 
ysmal pulraotiafy edema conse- 
quent to stimulation of cardio- 
vascular receptors (Luisada and 
SarnofT), 270 

IntiavenoHS, infusions, effect of (I) ; parox- 
ysmal pulmonary edema conse- 
quent to stimulation of cardio- 
vascular receptors (Luisada and 
Sarnoff), 270 

J 

Jaundice, meelianism of action of, on heart 
(Pehn et ah), 1S7 

K 

Kidney extract, treatment of human hj’per- 
ten.'sion vith, 799"^ 

L - 

Leads II and III, unstable T waves in, in 
persons with neurocirculatory 
asthenia (Wendkos and Logue), 
711 

chest, configuration of epieardial and endo- 
cardial extrasystoles in, G55* 
precordial, in eliildhoodj comment on 
presence of double upward de- 
flections in leads from sternal 
region of normal children, 657* 
multiple versus single, evaluation of use 
of, in conjunction with three 
limb leads, for practical clinical 
electrocardiography (Manchester 
and Ethridge), 633 

Lesions, cardiotoxic, of digitalis in dog, 
effect of certain drugs upon 
(Kyser et al.), 451 

Letters, 377 

Ligation of gi-eat cardiac vein, treatment 
of coronary' disease with angina 
by pericoronary neurectomy com- 
bined with (Fauteux), 260 
coronary vein in man (Fauteux), 261 

Limb lead.s, three, e'vmluation of use of 
* multiple versus single precor- 
dial leads in conjunction with, 
for practical clinical electrocar- 
diogi-aphy (Manchester and 
Ethridge), 633 

Lower extremities, rate and control of 
blood flow through skin of 
(Goetz), 146 

M 

Malaria, effects of, on heart (Sprague), 426 

Materaal rubella, congenital defects follow- 
ing, 656* 

Mechanical and neurogenic elements (11) 
paroxysmal pulmona^ edema 
consequent to stimulation of car- 
diovascular receptors (Luisada 
and Samoff), 282 

Mechanism, etiologj'' and, massive left auricle 
with special reference to (Par- 
sonnet et ah), 438 


Mediastinal emphysema, spontaneous (Pala- 
tucci and Knighton), 364 
Medical treatment of arterial hypertension, 
critical study of, 523* 

Meningo encephalitis, rheumatic heart dis- 
ease associated with, 113" 
Mercupurin adminstered orally, further ob- 
servations on use of (Batterman 
et ah), 431 

Mercurial diuretics; intolerance as shorni by 
skin sensitivity, 378* 
thromboplastic properties of some 
(Macht), 460 

Metastatic carcinoma as cause of constric- 
tive pericarditis (Wallace and 
Logue), 223 

Method for construction of vectorcardiogram 
from Einthoven electrocardio- 
gram (Howard), 191 

Mitral valve, calcification of (Fertman and 
Wolff), 580 

Mononucleosis, infectious, electrographic 
emdenee of cardiac complications 
in, 655* 

Morgagni-Adams-Stokes syndrome, special 
reference to; ventricular fibrilla- 
tion (Parsonnet et ah), 769 
Mumps (epidemic parotitis), acute myo- 
carditis in, 523* 

myocarditis (Felknor and PuUen), 238 
Mural thrombi, endocardial and subendo- 
cardial degeneration, and throm- 
boses of thebesian veins, presence 
and pathogenesis of, in cardiac 
failure from causes other than 
myocardial infarction (Flynn and 
Mann), 757 

Musculature of gastrointestinal tract, 
changes in, and in myocardium 
in progressive muscular dys- 
trophy, 242* 

Myocardial complications of cutaneous diph- 
theria (Kay and Livingood), 744 
infarction, case report of similar symp- 
toms produced by hyperactive 
carotid sinus reflex, angina pec- 
toris, and (Glenn and Read), 792 
multiple disturbances of rhytlun^ and 
conduction and unusual auricular 
T wave in case of (Miller and 
Perelman), 501 

presence and pathogenesis of endocar- 
dial and subendocardial degenera- 
tion. mural thrombi, and throm- 
boses of thebesian veins in car- 
diac failure from cau.ses other 
than (Flynn and Mann), 757 
Myocarditis, acute, in mumps (epidemic 
parotitis), 523* 
nonspecific, 112* 

mumps (Felknor and Pullen), 238 
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Q 

Q-T interval, duration of, and its relation- 
ship to cycle length (E-E inter- 
val) (I) • analysis of time rela- 
tionships ^vithin cardiac cycle in 
electrocardiograms of normal 
men (Schlamowitz), 329 

E 

Eate and control of blood flow through skin 
of lower extremities (Goetz), 146 

Eavmaud's disease, part of venospasm in 
producing clinical picture of, 
532 ^ 

Eeceptors, cardiovascular, paroxysmal pul- 
monary edema consequent to 
stimulation of (Luisada and 
Sarnoff), 270, 282, 293 

Eectal and skin temperatures, effect of 
splanchnic resection on peripheral 
blood and, in hypertension (Stew- 
art et ah), 728* 

in hj'pertension, blood flow and 
(Stewart et ah), 617 

Eesection, splanchnic effect of, on periph- 
eral blood flow and rectal and 
skin temperatures in hj-perten- 
sion (Stewart et ah), 728 

Eespiration, positive pressure, certain ef- 
fects of, on circulatory and res- 
piratory systems (Carr and 
Essex), 53 

Eesi)iratory and circulatory systems, certain 
effects of positive pressure respira- 
tion on (Carr and Essex), 53 
tract, upper, pericarditis with effusion 
following (Nathan and Dathe), 
115 

Eheumatic carditis, occurrence of, in native 
population of Curacao, Nether- 
lands IVest Indies, 658'‘ 
fever, acute, treatment of, with large doses 
of sodium salicylate, with special 
reference to dose management 
and toxic manifestations, 802* 
and rheumatic heart disease, Harveian 
oration on, 246“ 

effect of salicylate therapy on IVelt- 
mann serum coagulation reaction 
and its use as prognostic test in, 
656 * 

etiology and pathogenesis of, 244* 
hj-persensitivity and, 801* 
nodides in, 110* 

observations on treatment of, with vita- 
min P, 244“ 

streptococcus infection and, some ex- 
perimental aspects of, 110- 
studies in, 109* 

therapeutic value of early physical ac- 
tivity in, preliminar}* report, 384* 
heart disease associated with nieningo en- 
cephalitis, 113* 


Eheumatic heart disease — Cont’d - 

Harveian oration on rheumatic fever 
and, 246* 

in Denver school children, prevalence 
of, 250* 

recurrences in children, prevention of, by 
use of sulfathiazole and sulfa- 
diazine, 379“ 

Eheumatoid arthritis, characteristic vas- 
cular pattern in patients with, 
380* 

Ehythm and conduction, multiple disturb- 
ances of, and unusual auricular 
T wave in ease of myocardial in- 
farction (Miller and Perelman), 
501 

bigeminal, persistent ventricular, in ap- 
parently normal hearts, 659* 

E-E interval, cycle length, duration of P-E 
interval and its relationsliip to 
(Schlainowitz), 473 
duration of Q-T interval and its 
relationship to (Schlamowitz), 
329 

duration of T-P interval and its 
relationship to (Schlamowitz), 
464 

Eubella, maternal, congenital defects follow- 
ing, 256* 

S 

Salicylate therapy, effect of, on Weltmann 
serum coagulation reaction and 
its use as prognostic test in 

rheumatic fever, 656 

Salt depletion and dehydration, hemody- 
namic changes in, 660* 

Scarlet fever, transitory A-Y block occur- 
ring during (Paul et al.), 138 

Scrub typhus, congestive heart failure in 

(Levine), 325 

fever, electrocardiographic changes in 

(Hollander), 481 

pathologic study of thirty-one cases 
of, with especial reference to 

cardiovascular system (Levine), 
314 

hemorrhagic phenomena in (Levine), 
325 

pathologic changes in heart and other 
organs in (Levine), 315 

question of residual cardiac damage in 
(Levine), 326 

Sensations, subjective, associated with ex- 
trasystoles, study of (Kline and 
Bidder), 255 

Septicemia, Staphylococcus aureus, and peri- 
carditis treated with penicillin 
(Zimmerman and Durgin), 93 

Serum thiocyanate, relationship of blood 
pressure and, 385* 

Shape, size and, of T wave, effect of exer- 
cise on (Dehn et ah). 1S8 
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Pericoronary neurectomy (Fauteux), 263 
combined with ligation, of great cardiac 
vein, treatment of coronary dis- 
' ease with angina bv (Fauteux), 
260 

Peripheral blood flow and rectal and skin 
temperatures in hypertension 
(Stewart et ah), 637 
effect of splanchnic resection on 
(Stewart et ah), 728 
under basal conditions in older 
male subjects with normal and 
elevated blood lyressures (Stewart 
et ah), 343 

vascular diseases, blood flow in (Goetz), 
173 

Pharmacologic experiments (HI); parox- 
ysmal pulmonary edema conse- 
quent to stimulation of cardiovas- 
cular receptors (Luisada and 
Sarnoff), 293 

Phlebomanometer, use of; normal venous 
pressure values and study of cer- 
tain clinical aspects of venous 
hypertension in man (Winsor and 
Burch), 387 

Phlebothrombosis, early diagnosis of, 799’ 

Phosphorus poisoning, electrocardiographic 
changes resulting from (Dathe 
and Nathan), 98 

Physicians, coronary artery disease among, 
243* 

Physiological responses, various, to mild ex- 
ercise test, studies of (II); con- 
valescence from surgical proce- 
dures, 249* 

Physiopathology and surgical treatment of 
congenital cardiovascular defects, 
519* 

Plasma and blood volume determination in 
bilaterally vagotomized rats 
(Keichsman), 605 

Pletliysmogram of toes during rest (Goetz), 
148 

Pneumococcal pericarditis treated with in- 
trapericardial penicillin, 381* 

Pneumococcus pneumonia, electrocardio- 
graphic changes during and after 
(Thomson et ah), 563 

Pneumonia, pneumococcus, electrocardio- 
graphic studies during and after 
(Thomson et al ), 565 

Pneumopericardium, 246' 

Pneumothorax, intratlioracic Jiuscultation in, 
800 -* 

right and left, considerations of cardiac 
reaction to, 524- 

Poisoning, phosphorus, electrocardiographic 
changes resulting from (Dathe 
and Nathan), 98 

Polyarteritis nodosa, 520* 


Position of arm, effect of cliange of, upon 
blood pressure (Stein), 477 

Positive pressure respiration, certain effects 
of, on circulatorj' and respiratory 
systems (Carr and Essex), 53 

P-E interval, duration of, and its relation- 
ship to cycle length (R-E inter- 
val) (III) ; analysis of time re- 
lationships within cardiac cycle 
in electrocardiograms of normal 
men (Schlamowitz), 473 

Precordial leads in childhood; comment on 
presence of double upward de- 
flections in leads from sternal 
region of normal children, 657* 
multiple versus single, evaluation of use 
of, in conjunction with tliree 
limb leads, for practical clinical 
electrocardiography (Manchester 
and Ethridge), 633 

Pregnancy, cardiopulmonal function during, 
251 (B. Eev.) 

coarctation and acute dissection of aorta 
associated with, 247“ 

Prothrombin time in normal subjects and in 
patients with arteriosclerosis, 
study of (Meyers and Poindex- 
ter), 27 

variations in (Meyers and Poindexter), 
29 

Pulntonary arterial pressure in dogs, meas- 
urement of, 107* 

artery, contribution to study of congenital 
dilatation of, 656* 

entire main, persistent right aortic aich 
witli atresia of (Herbut and 
Fox), 490 

edema following bilateral vagotomy, stud- 
ies on patliogenesis of (Eeichs- 
man), 590 

genera] considerations on mechanism of 
(Luisada and Sarnoff), 303 
paroxysmal, consequent to stimulation 
of. cardiovascular receptors; I. 
Effect of intra-arterial and in- 
travenous infusions (Luisada and 
Sarnoff), 270 

II. Mechanical and neurogenic ele- 
ments (Luisada and Sanioff), 282 

III. Pharmacologic experiments 
(Luisada and Sarnoff), 293 

embolism, is there vagal pulmonocoronary 
reflex in? (Malinow et ah), 702 
ligation of inferior vena cava for pre- 
vention of, 243* 

stenosis, pure congenital (Freed and Biid- 
nitz), 369 

Pulmonocoronary reflex, vagal, in pulmonary 
embolism? (Malinow et ah), 702 

Pulse rate and blood pressure in infancy 
and early childhood, 378* 

reaction to performing step-up exercise on 
benches of different lieights, 054* 



SUBJECT INDEX 


S23 


Sympathotoiny, Ijilateral cervical vagotomy 
and, in rat under etlier anes- 
thesia (Reichsinan), 595 

Syndrome, anginal, treatment of, with thio- 
uracil, 247^ 

superior vena caA'a; report of thirty-five 
cases (Ilussej" et al.), 1 
Wollf-Parhinson-'White, and related prob- 
lems, 108'^ 

System, caj-diovascular, pathologic stud}* of 
thirty-one cases of scrub typhus 
fever Avith especial reference to 
(Levine), 314 

Systems, circulatory and respiratory, certain 
elfects of positive pressure res- 
piration on (Carr and Essex), 53 

T 

T Avaves, unstable, in Leads II and III in 
persons Avith neurocirculatory 
asthenia (Wendkos and Logue), 
711 

unusual auricular, multiple disturbances 
of rhythm and conduction and, 
in case of myocardial infarction 
(Miller and Pcrelman), 501 

Tachycardia, paroxysmal, abnormal electro- 
cardiogram foUoAving recoA-ery 
from (Ward), 645 
ventricular (Freundlich), 557 
transient bundle branch block associated 
Avith (Eicliert), 511 

A’entricular — report on ten cases, eight 
of Avhich Avere treated Avith quini- 
dine Avith recoA'ery in seA*en, 111* 

Tamponade, cardiac, congenital defect of 
aortic vestibule complicated by 
bacterial endocarditis Avith per- 
foration and death from (Medalia 
and DrapicAA'ski), 103 
pei'icardial, from stab Avound of heart and 
pericardial effusion or empyema; 
study utilizing method of right 
heart catheterization (Warren et 
ah). 418 

Temperatures, rectal and skin, effect of 
splanchnic resection on peripheral 
blood floAV and, in h}-pertension 
(StCAA'art et ah), 728 
in hypertension, peripheral blood floAv 
and (StcAA-art et ah), 617 

Tetralogy of Fallot, case of, 109^ 

Thebesian A’eins, thromboses of, endocardial 
and subendocardial degeneration, 
and mural thrombi, presence and 
pathogenesis of, in cardiac fail- 
ure from causes other than myo- 
cardial infarction (Flynn and 
Mann), 757 

Therapeutic value of early pliysical activ- 
ity in riietima tie fever, prelimi- 
nary report, 384^ 

Thiocyanate, serum, relationship of blood 
pressure and, 385* 

Thiouracil, treatment of anginal SA’ndrome 
with, 247* 


Thoracic, right, and left cervical vagotomy 
(Eeichsman), 600 

Thrombi, mural, endocardial and subendo- 
cardial degeneration, and throm- 
boses of thebesian veins, pres- 
ence and pathogenesis of, in car- 
diac failure from causes other 
than myocardial infarction 
(Flynn and Mann), 757 
Thrombocytopenic pui’pura, fatal, due to 
sodium salicylate, 242* 
Thromboembolic- disease, A^enous, 521* 
Thromboplastie properties of some mercur- 
ial diuretics (Macht), 460 
Thromboses of thebesian veins, endocardial 
and subendocardial degeneration, 
and mural thrombi, presence and 
pathogenesis of, in cardiac fail- 
ure from causes other than myo- 
cardial infarction (Flynn and 
Mann), 757 

Time, prothrombin, in normal subjects and 
in patients AA'ith arteriosclerosis, 
studA’ of (Meyers and Poindex- 
ter)' 27 

relationships Avithin cardiac cycle in elec- 
trocardiograms of normal men, 
analysis of (SchlamoAvitz), 329, 
464, 473 

Tobacco, angina pectoris and, 525 
Toes, rate of blood floAV in (Goetz), 158 
T-P interval, duration of, and its relation- 
ship to cycle length (R-R inter- 
A’al) (II) ; analysis of time rela- 
tionships Avithin cardiac cycle in 
electrocardiograms of normal 
men (SchlamoAA'itz), 464 
Tracheal obstruction from A'ascular ring, 
surgical relief foi’, 113* 
Tracheobronchial tree, heart, and inferior 
A*ena cava of normal dogs, cer- 
tain effects of positiA’e pressure 
respiration on (Carr and Essex), 
61 

Transfusion, blood, intracardiac, 385* 
Transient bundle branch block associated 
AAuth tacliycardia (Eichert), 511 
TransA'erse diameter of heart, method for 
orthodiagraphic measurement of, 
bv means of simple fluoroscope 
tJIoAvard), 724 

Trauma of limbs, acute hemorrhage or, ef- 
fects of positive pressure res- 
piration on circulation and res- 
piration when combined Avith 
(Carr and Essex), 64 
A-ascular (II) ,* surgical management of 
peripheral vascular disorders, 805* 
Traumatic shock in man, electrocardiograms 
in, 244^ 

Tremor, circulation lying and standing, and 
bed exercises and eariy rising, 
studies of (I) ; convalescence 
from surgical procedures, 249* 
Tricuspid stenosis, congenital, 525' 
Tsutsugamushi disease, cardiovascular dis- 
turbances in, 248* 
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Shock, hemorrhagic, dehiiition and criteria 
for its diagnosis, G60* 
tiaumatic, in man, electrocardiograms in, 
244 ^ 


Shudder, carotid, 379“^ 

Sinoatrial, interatrial and, block, n-itli illus- 
trative ease (Decherd et al.), 352 
Sinus arrliythmia and respiratory variation 
of ballistocardiogram, 659"^ 
carotid, stimulation; hemiplegia following 
(Askey), 131 

lij-peractive carotid, reflex, angina pec- 
toris, and myocardial infarction, 
case report of similar s 3 nmptoms 
produced by (Glenn and Bead), 
792 


Size and shape of T wave, effect of exer- 
cise on (Behn et al.), 188 . 

Skin and' rectal temperatures, effect of 
splanchnic resection on periph- 
eral blood flow and, in hyperten- 
sion (Stewart et ah), 728 
of lower extremities, rate and control of 
blood flow through (Goetz), 146 
sensitivity, intolerance as shown by; mer- 
curial diuretics, 378* 

temperatures in liypertension, peripheral 
blood flow and (Stewart et ah), 
617 

Smith, Fred M., 253 

Sodium restriction in diet for hyperten- 
sion, 112* 

salicylate, fatal thrombocytopenic purpura 
due to, 242* 

treatment of acute rheumatic fever with 
large doses of, with special refer- 
ence to dose management and 
toxic manifestations, 802^ 

South Pacific malaria, experience with 

(Sprague), 428 

Sp^U’g'iiorofinometer, differences in blood 
pressure values determined by in- 
flating and deflating cuff* of 
(Cunningham), 220 

Spinal anesthesia, high, effect of, on blood 
pressure of patients with liyper- 
tension and far-advanced renal 
disease — ^its possible relationship 
to patliogenesis of hypertension 
(V) ; studies in hypertension, 379* 
Splanchnic resection, effect of, on periph- 
eral blood flow and rectal and 
skin temperahires in hj^pertension 
(Stewart et ah), 728 , 

Stab wound of heart and pericardial ef- 
fusion or empyema, pericardial 
tamponade from; study utilizing i 
method of right heart catheteriza- 
tion (Warren et ah), 418 
Staphylococcus aureus septicemia and peri- 
carditis treated with penicillin 
(Zimmerman and Durgin), 93 
Stenosis, congenital tricuspid, 525* 
mitral, and arterial hypertension, 805* 
pure congenital pulmonary (Freed and 

Budnitz), 369 


Stimulation, carotid sinus, hemlpleg'a fol- 
lowing (Askey), 131 
of cardiovascular receptors, paroxysmal 
pulmonary edema consequent to 
(Luisada and Sarnoif), 270. 282, 
293 / . , 

Streptococcus, hemolytic, sore throat, ab- 
normalities in electrocardiogram 
following, 658* 

infection and rheumatic fever, some ex- 
perimental aspects of, 110* 
s.b.e. in subacute bacterial endocarditis, 
383* 

Subendocardial and endocardial degenera- 
tion, mural thrombi, and throm- 
boses of thebesian veins, presence 
and pathogenesis of, in cardiac 
failure from causes other than 
myocardial infarction (Flynn and 
Mann), 757 

Subjective sensations associated noth extra- 
s 5 ’-stoles, study of (Kline and 
Bidder), 254 

Sulfadiazine, prevention of rheumatic re- 
currences in children bv use of, - 
379* 

Sulfathiazole, prevention of rheumatic re- 
curi'ences in children bj' use of, 
379* 

Surgical ablation of sinus node, three ob- 
servations on chronic experimental 
nodal rhythm by, 804* 
correction, experimental studies regard- 
ing; coarctation of aorta, 112* 
for coarctation of aorta, 380* 
ligation in patient with patent ductus 
arterio.sus complicated by pres- 
ence of multiple congenital car- 
diac defects, cure of subacute 
bacterial endarteritis bv (Zieg- 
ler), 231 

management of peripheral vascular dis- 
orders, 805** 

procedures, convalescence from ; I. Stud- 
ies of circulation lying and 
standing, of tremor, and of pro- 
gram of bed exercises and early 
rising, 249* 

II. Studies of various physiological 
responses to mild exercise test, 
249* 

relief for tracheal obstiaiction from vas- 
cular ring, 113* 

ther.apy of patent ductus arteriosus, 110 
treatment, congenital coarctation of aorta 
and, 381* 

consideration of two cardiac diseases 
amenable to, 243 ' 
of arterial hypertension, 521* 
of essential hjTJOrtensive cardiovascular 
disease in man, experiences with, 
245* 

pln’siopathology and. of congenital 
cardiovascular defects, 519* 
Svmpathectomized extremities, blood flow in 
( Goetz) , 1 68 
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Typlius fever, scrub, electrocardiographic 
changes in (Hollander), 481 
pathologic study of thirtv--one eases 
of, with especial reference to 
cardiovascular svstem (Levine), 
314 ‘ . 

U 

Unipolar derivation, critical study of, IQS’- 

Uremia, electrocardiographic changes in 
pericarditis associated with 
(Keith et ah), 527 

Urethane anesthesia, bilateral cervical 
vagotomy under (Eeichsman), 599 

V 

Vagal pulmonocoronary reflex in pulmonary 
embolism? (Malinow et ah), 70*2 

Vagotomized rats, bilaterally, plasma and 
blood volume determination in 
(Eeichsman), 605 

Vagotomy, “bilateral cervical, and sjanpa- 
thotomy in rat under ether anes- 
thesia (Eeichsman), 595 
under urethane anesthesia (Eeiehs- 
man), 599 

studies on pathogenesis of pulmonary 
edema following (Eeichsman), 
590 

right thoracic and left cervical (Eeichs- 
man), 600 

Valve, mitral, calcification of (Fertman and 
Wolff), 580 

Vascular disorders, peripheral, surgical 
management of, 805'^ 

II. Vascular trauma, SOS'" 
pattern, characteristic, in patients with 
rheumatoid arthritis, 380* 
ring, surgical relief for tracheal obstruc- 
tion from, 113 

Vectorcardiogram, method for construction 
of, from Einthoven electrocardio- 
gram (Howard), 191 

Vein, great cardiac, treatment of coronary 
disease with angina by pericoro- 
nary neurectomy combined with 
ligation of fFauteux), 260 
coronary, ligation of, in man (Fauteux), 
26] 

Veins, thebesian, thromboses of, endocar- 
dial and subendocardial degen- 
eration, and mural thrombi. i)re.s- 
ence and pathogenesis of, in car- 
diac failure from causes other 
than myocardial infarction 
(Flynn anil Mann), 757 

Vena cava, inferior, tracheobronchial tree, 
and heart, of normal dogs, effects 
of positive pressure respiration 
on (Carr and Essex), 61 


[ Vena caval syndrome, superior; report of 
thirtj'-five cases (Hussey et ah), 1 
Venospasm, its part in producing clinical 
picture of Ea^■naud’s disease, 
521* 

Venous filling, time of, 107* 

hv-pertension in man, normal venous pres- 
sure values and study of certain 
clinical aspects; use* of phlebo- 
manometer (Winsor and Burch), 
' 387 

pressure, establishment of normal values 
for (Winsor and Burch), 395 
factors affecting (Winsor and Burch), 
391 

in patients with right ventricular con- 
gestive heart failure (Winsor 
and Burch), 397 

pressures in disorders of venous system of 
lower extremities, 380* 

return, action of cardiac ejection on, 635* 
in absence of cardiac drive, 382* 
intra-abdominal pressure and regula- 
tion of, 107* 

thromboembolic disease, 521' 

Ventricle, cardiac, action of heat and cold 
on different components of elec- 
trogram of, 107* 

left, electrocardiographic effects of in- 
jury at endocardial surface of 
(Bayley), 677 

turtle, action of acetylcholine and epine- 
phrine on, 381* 

Ventricular fibrillation (Parsonnet et al.), 
769 

tachycardia, paroxysmal (Freudlich), 557 
treated with quinidine, 111* 

Veterans discharged because of heart disease 
or hypertension, re-examination of, 
520* 

Vitamin P, observations on treatment of 
ihemnatic fever with, 244* 

W 

Wolff-Parkinson-White syndrome and rehited 
problems, 108 

in association with congenital heart 
disease: coarctation of aorta 

(Bodlander), 785 

Wound, stab, of heart and pericardial effu- 
sion or empyema, pericardial tam- 
ponade from ; study utilizing 
method of right heart catheteri- 
zation (Warren et ah), 418 

Wounds, penetrating, of chest, circulation 
in; study by method of right 
heart catiieteVization (Merrill ct 
ah), 413 



